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ADEQUACY OF SIMPLIFIED DIETS FOR 
GUINEA PIGS AND RABBITS! 


ALBERT G. HOGAN AND JOHN W. HAMILTON 


Department of Agricultural Chemistry, University of Missouri, Columbia 
TWO FIGURES 
(Received for publication January 21, 1942) 


It was announced some years ago (Hogan and Ritchie, ’34) 
that rabbits may be reared, with a normal rate of growth, on 
simplified rations. A few preliminary trials with guinea pigs 
were also described and it was stated that except for vita- 
min C, the nutritional requirements of these two species are 
identical. We have continued ever since to rear both species 
on simplified rations, with no nutritional failures. There is 
no doubt that our first success was obtained by adding 1% 
of wheat germ oil to the inadequate lard-containing basal diet. 
It was impossible at the time to decide whether the essential 
nutrient carried by wheat germ oil was vitamin EK, but the 
identity was established as soon as alpha tocopherol was 
available. The requirement of the rabbit for alpha tocopherol 
has been demonstrated by Goettsch and Ritzmann (’39) and 
by Mackenzie and MeCollum (740). 

Madsen, McCay and Maynard (’35) used a basal synthetic 
diet very similar to ours, except that it did not contain wheat 
germ oil, and the amount of yeast, 5%, was probably below 
the optimum level. Both the guinea pigs and rabbits developed 
degeneration of the skeletal muscles and died. When the cod 
liver oil was replaced by a vitamin A—D concentrate the ap- 
pearance of muscle lesions was greatly delayed, but unless the 
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ration was changed, the animals finally succumbed. According 
to our experience. the provision of wheat germ oil would have 
permitted both the guinea pigs and rabbits to survive. Madsen 
(’36) observed that cottonseed oil has some protective effect 
against muscular dystrophy, but the protection was not 
complete. 

Kohler, Elvehjem and Hart (’38) reported that guinea pigs 
declined in weight and died when supplied with a diet of 
mineralized milk. Supplements of either dried pork liver, a 
liver extract, or dried yeast, did not make the ration more 
adequate. Barley and wheat grass were quite potent as sup- 
plements to the milk diet; oat grass was less potent. Twenty 
cubic centimeters daily of the juice expressed from fresh lawn 
clippings was quite effective and this was interpreted to mean 
that this supplement contains liberal amounts of a vitamin 
that is absent from yeast and from liver extracts, or is present 
in them in only negligible amounts. This new vitamin was 
designated by the authors as the ‘‘grass juice factor.’’ Since 
we have not used the diet of Kohler, Elvehjem and Hart we 
are unable to comment on their observations. As will appear 
later, however, our experience does not indicate the existence 
of a new vitamin, if its absence from yeast or from liver ex- 
tracts is the criterion. There has never been any reason to 
doubt that these supplements contain vitamins which have not 
vet been recognized, but according to our interpretation it 
was not intended to identify these with the ‘‘grass juice 
factor.”’ 

Cannon and Emerson (’39) reported that guinea pigs fail 
to grow on their simplified rations. As an example diet 804 is 
described herewith, together with its percentage composition : 
Casein 24; sucrose 50; lard 14; agar 4; salts 4; cod liver oil 2; 
wheat germ oil 2; yeast extract ?. 

The failure of guinea pigs to grow on the diet of Cannon 
and Emerson cannot be explained by the information now 
available to us. The diet contains 2% of wheat germ oil which 
our experience indicates is ample. The water soluble vitamins 


* Equivalent to 10 parts of brewers’ yeast. 
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are supplied by a water extract of yeast, and according to 
our experience it should be satisfactory. In their ration the 
carbohydrate component was supplied as sucrose; in ours 
as dextrinized corn starch; but according to our experience 
with sucrose rations this difference is of no significance. When 
either lettuce, young timothy grass, or an aqueous extract of 
the grass was included in the ration of Cannon and Emerson 
the animals were normal in appearance and in rate of growth. 
An aqueous extract of pork liver was ineffective. Cannon and 
Emerson interpreted their data as a confirmation of the 
existence of a grass juice factor, as announced by Kohler, 
Elvehjem and Hart (738). 

Randle, Sober and Kohler (’40) reported that a commercial 
liver extract they studied had little activity. Clark (’41) also 
reported nutritional failure in guinea pigs reared on a simpli- 
fied ration, unless the diet was fortified by a pulverized de- 
hydrated grass. The water-soluble vitamins of the basal diet 
were supplied by 3% of a commercial yeast concentrate and 
0.1% of ascorbic acid, but it was not demonstrated that the 
concentrate was equivalent in activity to the veast from which 
it was prepared. 


EXPERIMENTAL 


The rabbits, or Belgian hares, were reared in the laboratory 
and weaned at 4 weeks when they weighed approximately 
450 gm. The guinea pigs, also reared in the laboratory, were 
weaned at 4 weeks, or if unusually large, when they weighed 
approximately 250 gm. The animals were placed on the ex- 
perimental rations at the time they were weaned. These ani- 
mals do not consume food readily if it differs in appearance 
or texture from the diet to which they are accustomed, and 
rabbits especially must be taught to consume simplified diets. 
It saves time if the animals are trained before weaning to 
consume diets similar to those they are to receive afterwards. 
If they have not been properly trained the experimental diet 
may be mixed with gradually decreasing proportions of 
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natural foodstuffs and in this way they learn to consume the 
experimental diets in a week or less. 

The experimental diets may be divided into three types. 
The first contains dried yeast, or a yeast extract. The second 
type, which has not been entirely adequate, contains pure 
vitamins only and no crude vitamin carriers. The third con- 
tains the pure vitamins, fortified with various liver fractions. 
A considerable number of modifications of these rations have 
been prepared, but for all practical purposes the first and third 
types are equally adequate for growth. Space does not permit 
a complete description of all rations but a few typical ex- 
amples are described in table 1. A few of the animals men- 
tioned actually received a slight modification of the diet 
ascribed to it, but the differences proved to be of no conse- 
quence and will be ignored. In addition to the ration described, 
each guinea pig received a separate supplement of vitamin C. 
The amounts ranged from 1 to 20 mg. daily, but in our experi- 
ence 5 mg. is enough for optimum growth. Dann and Cowgill 
(35) state that the guinea pig requires from 0.6 to 0.7 mg. 
ascorbie acid for each 100 gm. body weight. 

In all, approximately 125 guinea pigs and 35 rabbits have 
been reared to maturity, or nearly so, on simplified rations. 
The numerous modifications are due largely to the fact that 
the diets were used primarily for studies of nutritional re- 
quirements during gestation and lactation, and were changed 
in efforts to improve them. Our studies of this topic have not 
been completed and a full report will be made in a subsequent 
publication. For the present it will suffice to say that up to 
date both rabbits and guinea pigs have reared litters suc- 
cessfully when the diet contained vitamins E and K. Both 
species have made normal growth without added vitamin K. 
A few examples of success in reproduction will be brought out 
incidentally later. Since these rations were prepared primarily 
for lactating animals the amount of yeast was usually kept 
at a high level of 15%. 

The response of guinea pigs to typical rations is shown in 


figure 1. On rations 4163, 5162, 5475 and 5096 the animals were 
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TABLE 1 


Experimental diets that contain crude vitamin carriers. 





RATION NO. 4163 5162 5097 5098 4504 5475 4180 5096 





- gm. - -“ qm. am. qm. qm. rs qm. 7 qm. 
Casein 20 20 20 20 20 20 20 20 
Dextrin 35 35 45 40 40 40 33 40 
Cellulose 15 15 15 15 15 15 15 15 
Lard 10 10 10 10 7 10 
Soybean oil 10 10 8 
Salts 4 4 4 4 4 4 4 4 
Yeast 15 15 5 10 
Yeast extract 10 10 
A-D Mixture 1 1 1 1 1 1 1 1 
Tikitiki (Wells, ’21) 2 
Extract 4303 + 4 
Extract 4080 6 6 

ma 

Alpha-toeopherol * 5 5 5 4 4 
Synthetic vitamin K * 5 3 > 


Foot- Foot- 


3 


Water-soluble vitamins * a 
note * note 


Notes on constituents of the rations. 

Casein: Thoroughly extracted with dilute acetie acid, dried and ground. 

Dextrin and cellulose: Two parts of starch to 1 part of cellophane were made 
into a thick paste, heated in a boiling water bath for 1 hour, dried, and ground. 

Salts: 97.5% of the mixture of Hubbell, Mendel and Wakeman (’°37) and 2.5% 
of manganous sulphate, MnSO,, 4H,0. 

Yeast: Northwestern, or Anheuser-Busch dried brewers’ yeast. 

Water extract of yeast: Baker’s veast was extracted with boiling water. The 
extract was clarified in a Sharples supercentrifuge, and concentrated in vacuo 
to a paste. 

Vitamin A—D mixture: Lard 98, Percomorph liver oil (generously supplied by 
Mead, Johnson and Co., Evansville, Ind.) 2 (12,000 I. U. vitamin A, 1700 I.U. 
vitamin D per kilogram diet). 

Liver extract 4303: Hot aleohol extract of dried beef liver. Water soluble 
portion, concentrated to a paste. 

Liver extract 4080: The liver residue from extract 4303 was extracted with 
boiling water, and the extract concentrated to a paste. Additional details of the 
preparation of these extracts have been published by Hogan, Richardson, Patrick 
and Kempster (’41). 


‘Generously supplied by Merck and Co., Rahway, N. J. 

* Thiamine 0.2 mg., riboflavin 0.4 mg. 

* Thiamine 0.2 mg., riboflavin 0.4 mg., pyridoxine 0.4 mg., Ca-pantothenate 2.0 
mg., nicotinic acid 2.0 mg., choline 100 mg. 
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normal in appearance and in rate of growth. Four females 
were grown to maturity on ration 4163 but it was partially 
inadequate for reproduction and was changed to a ration 
identical with no. 5162 except that it contained 0.2% choline. 
After this change was made these four females bore six litters 
containing fifteen young that were alive at birth and two that 
were dead. Thirteen of the young survived until weaning age. 
The three females continuously on ration 5162 bore six litters 
containing a total of seventeen young, and of these thirteen 
were weaned. The rate of growth on ration 5475, which con- 
tained 10% of the yeast extract, was satisfactory but we were 
not certain that this amount was adequate during reproduc- 
tion. Two litters of three young each were weaned, but another 
litter of two was aborted. 

As will be mentioned later, an attempt was made to rear 
guinea pigs on diets that contained the vitamins only in the 
pure form. The effort was not a complete success, however, 
and in a search for useful carriers, liver extracts were included 
in some of these diets, as in ration 5096. The three males which 
received this diet did not consume it readily for the first 2 
weeks, but after that time they grew exceptionally well. 

The response of the rabbits is shown in figure 2. The ani- 
mals grew at the normal rate and no nutritional deficiencies 
were observed. Three females which received ration 4163 bore 
a total of four litters, with seventeen living young. Since it 
is our practice to reduce each litter to six, fifteen had an op- 
portunity to survive. Of these young seven were weaned, 
giving a mortality of 53%. 

Of the three females on ration 4504, which contains a water 
extract of yeast, two did not survive sufficiently long to bear 
litters. The other, rabbit 863, bore eight young in two litters 
and weaned five. She survived for approximately 18 months. 

Rations 5097 and 5098 were prepared to show how much 
veast the rabbit requires. The two males on ration 5098, which 
contains 10% of veast, grew at the normal rate. One of the 
animals on ration 5097 grew almost as rapidly, but the growth 
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rate of the other was appreciably retarded. It is concluded 
that the optimum amount for growth lies between 5 and 10%. 

Ration 4180 contains 10% of liver extract and the average 
weights of the two animals which received it are shown in 
figure 2. The growth rate equals that of the animals in the 
stock colony, and these two females bore a total of six litters 
containing forty living and seven dead young. Of the forty 
born alive thirty-one were retained and fifteen were weaned, 
a mortality of 52%. The mortality in the stock colony has 
been about 33%. 

When it was discovered that rats can be grown on simplified 
rations that contain vitamins in pure form, with no crude 
vitamin carriers (Richardson, Hogan, Long and Itschner, 41) 
it was decided to try a similar diet on guinea pigs. Though 
encouraging, these attempts have not been very successful. 
Typical rations of this type are described in table 2, and a 
few of our data are summarized in table 3 and in figure 1. 


TABLE 2 


Experimental diets that contain no crude vitamin carriers. 


RATION NO 5520 5725 5694 
gm ; gm qm 
Casein 20 20 20 
Gelatin 10 
Dextrin 39 39 39 
Sucrose 10 10 
Cellulose 15 15 15 
Lard 10 10 10 
Salts 4 4 t 
A-D mixture 2 2 2 
ma mq. ma 
Thiamine 0.8 0.8 0.8 
Riboflavin 1.6 1.6 1.6 
Pyridoxine 12 1.2 LS 
Ca-pantothenate 2.0 2.0 2.0 
Niectinie acid 2.0 2.0 
Choline 300.0 300.0 300.0 
Alpha-tocopherol 4.0 4.0 2.0 
2-methyl-1, 4-naphthoquinone 2.0 2.0 2.0 
p-amino benzoic acid 30.0 20.0 


Inositol 50.0 
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Table 3 indicates that ration 5694 is more adequate than any 
other of this type yet tried. If it is superior to the others we 
are inclined to ascribe the difference to inositol, though the 
inclusion of gelatin may be of some significance. Of the eight 
animals on this diet, the growth of three is reasonably good 
and that of two is definitely unsatisfactory; three exhibited 


TABLE 3 


Growth of guinea pigs on diets that contain no crude vitamin carriers. 











: : WEIGHT 
7 wade gm am. peat 

149F 15 260 395 unthrifty, changed 
5520 216M ? 16 251 595 thrifty 

224F ? 3 264 305 thrifty 

149F 9 390 545 thrifty 

209M 18 271 630 thrifty 

210F 18 250 540 thrifty 

236F 17 249 450 thrifty 
5694 238M 17 239 585 thrifty 

202F 6 210 290 died, cause unknown 

237F 4 259 315 died, cause unknown 

239F 6 211 280 unthrifty, discontinued 

219M 16 256 655 thrifty 

240F 10 246 350 unthrifty, discontinued 
5725 261F 5 266 375 thrifty 

222F 8 245 285 died 

223M 8 250 345 unthriftv, discontinued 





* Received 10 mg. daily of inositol, supplied separately. 


failure of growth. The superior performance of the two ani- 
mals on ration 5520 supplemented with inositol lends support 
to the view that this compound may be significant. 

Since rats grow normally on diets similar to those shown 
in table 2, while guinea pigs fail, it would seem that aside 
from vitamin C the nutritional requirements of the guinea pig 
are more complex than those of the rat. Presumably this com- 
plexity is in some way related to the synthesis, and utilization, 
of vitamins that are synthesized by bacteria of the intestinal 
tract. 
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Whatever may be the deficient nutrient in the rations de- 
scribed in table 2 it is abundantly present in extracts of liver. 
Ration 5096 for example contains 4% of our extract 4305, 
soluble in aleohol, and 6% of the water soluble portion, extract 
4080. The animals grow at a normal rate on this ration. 
Rabbits were used in our first studies with the liver extracts, 
but as their rations were somewhat more complicated than 
those mentioned they are not described in detail. Six rabbits 
were reared on these rations though, with no difficulty. Two 
of these together bore five litters, containing thirty-seven 
voung alive at birth. Twenty-nine were retained, and seven- 
teen were weaned. This record compares favorably with that 
of those on the stock diet. 


SUMMARY 


1. Guinea pigs and rabbits grow at the normal rate on sim- 
plified rations which contain dried yeast as the source of all 
water-soluble vitamins. A water extract of dried liver also 
contains the essential water-soluble vitamins that are not vet 
recognized. 

2. When vitamin K was added to the simplified diets the 
females were able to rear litters. 

3. When all water-soluble vitamins were supplied as pure 
compounds now available, the mortality was high and the rate 
of growth was subnormal. 
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RELATIONSHIP BETWEEN PANTOTHENIC ACID 
REQUIREMENT AND AGE IN THE RAT 


KLAUS UNNA AND GRACE V. RICHARDS 
Merck Institute for Therapeutic Research, Rahway, New Jersey 


TWO FIGURES 
(Received for publication February 14, 1942) 


In previous studies on the requirement for pantothenic acid 
in albino and piebald rats (Unna, ’40; Unna, Richards and 
Sampson, ’41) the daily maintenance dose for optimal growth 
was found to be between 80 and 100 ug. per rat per day. This 
figure, since confirmed by Henderson, McIntire, Waisman and 
Elvehjem (’42) and C. A. Slanetz ', was established by experi- 
ments on rats of 3 weeks of age. In weanling rats subsisting 
on a sub-optimal amount of pantothenic acid (40 ug. daily), 
the appearance of deficiency lesions was observed during the 
first 6 weeks of the dietary regimen, but spontaneous re- 
gression of the lesions began after the sixth week. Similar 
observations were made on young black and piebald rats; 
daily amounts of 25 or 50 yg. of calcium pantothenate, re- 
spectively, were insufficient to prevent greying of the fur, but 
after a period of 7 weeks, without any change in the daily 
allowance of pantothenic acid, gradual restoration of the black 
color of the fur became noticeable. Similar observations have 
been reported in a recent paper by Henderson, McIntire, 
Waisman and Elvehjem (’42). Thus, with doses representing 
about one-half of the requirement, regression of the deficiency 
lesions was observed when the rats reached the age of 9 to 10 
weeks. At this time, their weight had increased from 30 em. 


1 Personal communication. 
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at the beginning of the experiment to around 125 to 100 gm., 
and their food consumption had more than doubled. These 
observations suggested the possibility that the rat’s require- 
ment for pantothenic acid decreases with progressing age, and 
the question arose whether a relation could be established 
hetween the demand for pantothenic acid and the stage of life 
of the rat. Experiments intended to shed light on this problem 
are reported in this communication. 

All animals were maintained on a vitamin B complex free 
diet having a percentage composition of dextrose, 68; casein, 
vitamin free, 18; hydrogenated cottonseed oil *, 8; salt mixture 
USP XI No. 1, 4; cod liver oil, 2; supplemented with 0.8 mg. 
each of thiamine, riboflavin and pyridoxine, 10 mg. of nico- 
tinamide and 100 mg. of choline chloride per 100 gm. of diet. 
Pantothenic acid in the form of aqueous solutions of crystal- 
line dextrorotatory calcium pantothenate was administered 
daily in the desired dosage by stomach tube. The rats were 
kept in individual cages in an air-conditioned room (tempera- 
ture 74° F. + 2, humidity 45%). Weights were recorded at 
weekly intervals and the food consumption was measured 
daily whenever indicated. 


Requirement at 3, 5 and 7 weeks of age 


Ninety male albino rats placed on the basal diet at 3 weeks 
of age were divided into three series (A, B, C) of thirty rats 
each. These series were further subdivided into five groups 
of six animals each, and the same scheme of feeding graded 
doses of pantothenic acid was carried out for each series; a 
daily supplement of 0, 10, 25, 50 or 100 ug. of pantothenic acid, 
respectively, was administered to the animals of the five 
groups. In series A the feeding of graded doses was started 
at the beginning of the experiment. In the two corresponding 
series the animals were given 100 pg. of pantothenic acid for 
the first 14 or 28 days, respectively; feeding of graded doses 
was begun at 5 weeks of age (series B) or 7 weeks of age 


* Crisco. 
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(series C). The average weight curves of the various groups 
are shown in figure 1. 

A comparison of the corresponding groups in the three 
series of experiments shows that at 3 weeks of age withdrawal 
of pantothenic acid leads to the death of half of the group 
within 46 days; at 5 weeks of age, within 89 days; and at 7 
weeks of age, within 146 days (fig. 1, curves 0). Deficiency 
lesions such as thinning of the fur, rusty spots and red tinged 
whiskers caused by deposition of porphyrin (McElroy, 
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Fig. 1 Effect of daily feeding of pantothenic acid to rats of different ages 
maintained on a basal diet free from pantothenic acid. Series A: Daily feeding 
of graded doses (0, 10, 25, 50 and 100 ug.) of pantothenic acid, started at 3 weeks 
of age. Series B: Daily feeding of graded doses of pantothenic acid. Started 
at 5 weeks of age. Series C: Daily feeding of graded doses started at 7 weeks 
of age. 


Salomon, Figge and Cowgill, ’41) were observed in all groups 
deprived of pantothenic acid; they appeared after 2 weeks in 
the rats of series A and only after 4 weeks in the rats of 
series C. Adrenal hemorrhages were found on gross examina- 
tion in rats of all groups. 

Daily feeding of 10 yg. of pantothenic acid failed to sup- 
port life of the majority of the rats started at 3 weeks of 
age. However, the same amount of pantothenic acid fed to 
rats of 5 and 7 weeks of age was sufficient to prevent death 
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and enabled these animals to gain weight continuously for 
the period of 220 days. Deficiency lesions, although present in 
all groups, were much more pronounced in the animals of 
series A than in those of the series B and C. In series A these 
lesions became manifest after 2 weeks, and adrenal hemor- 
rhages were found on autopsy; in series C loss of hair to- 
gether with some rusty discoloration of the fur became 
noticeable only after 10 weeks and no adrenal hemorrhages 
were observed on gross examination. 

Daily feeding of 25 pg. of pantothenic acid was sufficient 
for the sustainment of life of all rats of the different age 
groups. The rats in series A exhibited after 5 weeks a coarse 
and seant fur, but this manifestation regressed after 125 days. 
Rats in series B showed comparable signs of deficiency, dis- 
appearing gradually after 7 weeks. The rats in series C, how- 
ever, remained entirely free from these lesions throughout the 
experiment, and, furthermore, their weight curve approxi- 
mated those of the rats receiving daily amounts of 50 or 
100 pg. of pantothenic acid. The rats in series A receiving 
a daily supplement of 50 pg. of pantothenic acid developed a 
somewhat thin and coarse coat which lacked the luster and 
smoothness of normal fur. However, this manifestation was 
transient and at the end of the experiment their coats matched 
those of the group receiving 100 pg. of pantothenic acid. No 
impairment of the coat was observed in the corresponding 
groups in the series B or C. A comparison of the growth 
curves of the groups receiving 50 and 100 pg. of pantothenic 
acid demonstrates that 50 pg. is inadequate to ensure optimum 
gerowth in rats started at 3 weeks of age. However, in the 
corresponding groups of 5 and 7 weeks of age, no significant 
difference could be found in the weight curves, a daily dose of 
50 pg. of pantothenic acid being adequate for optimal growth. 


Requirement at 10 weeks of age 


Male and female albino as well as piebald rats (total num- 
ber 170) of approximately 10 weeks of age were used for 
these experiments. The animals weighing between 150 and 
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225 gm. were placed on the basal diet described on page 546; 
prior to the experiments, the animals were maintained on the 
usual laboratory stock diet. The amounts of pantothenic acid 
fed daily to these rats were 0, 10, 25 and 100 ug. respectively. 
Figure 2 demonstrates the changes in weight observed in a 
representative group of these experiments. 
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Fig. 2. Effect of daily feeding of graded doses of pantothenic acid to rats 
of approximately 10 weeks of age maintained on a basal diet free from panto- 
thenic acid. (1) No pantothenic acid; (2) 10mg. of pantothenic acid daily; 
(3) 25 ug. of pantothenic acid daily; (4) 100ug. of pantothenic acid daily; 
(la) Daily feeding of 200 ug. of pantothenic acid; (3a) Daily feeding of 100 ug. 
of pantothenic acid. 
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Following the withdrawal of pantothenic acid at 10 weeks 
of age, the rats continued to gain weight during a period of 
1 month at about the same rate as those receiving ample 
amounts of the vitamin. Thereafter, their weight became 
stationary (fig. 2) and deficiency lesions became manifest. 
The lesions progressed in severity throughout the experi- 
ments. Some animals succumbed after 3 months of depriva- 
tion of pantothenic acid, but two-thirds of all rats (forty- 
three) in this series survived for more than 5 months. On 
autopsy gross adrenal hemorrhages were found in only three 
animals; the incidence of adrenal hemorrhages, therefore, was 
much less than in the young rats of 3 weeks of age in which 
adrenal hemorrhages were observed in about 50% of all 
autopsies. In black rats greying of the fur was noticeable 
during the second month; most of the animals became com- 
pletely grey after a period of 4 months. 

Daily feeding of 10 pg. of pantothenic acid supported the 
life of all rats for more than 6 months. The animals continued 
to gain weight during the first 2 months (fig. 2). At this time, 
their coats became roughened and coarse with some rusty 
discoloration, and their weights remained stationary. In a 
group of eight black rats, only one animal became markedly 
grey. 

Daily feeding of 25 yg. of pantothenic acid produced the 
same results as dail? supplements of 100 yg. No signs sug- 
gestive of pantothenic acid deficiency were found in either 
albino or black rats of these groups. The weight gains of the 
animals receiving 25 ye. were identical with those receiving 
100 pe. of pantothenic acid (fig. 2), demonstrating that 25 pg. 
of pantothenic acid per day is the approximate maintenance 
dose for optimal growth in rats 10 weeks of age. After a 6- 
month period, male albino rats reached average weights of 
100 to 450 gm., females 230 to 270 gm. 













Correction of deficiency lesions in adult rats 





Rats placed on the pantothenic acid free diet at 10 weeks of 
age responded, after deprivation periods of 3 and 5 months 








PANTOTHENIC ACID REQUIREMENT AND AGE 551 


or more, to treatment with pantothenic acid in doses of 100 
or 200 pg. per day with striking weight gains and improvement 
of the deficiency lesions. Within 4 to 6 weeks their general 
appearance equaled that of the animals maintained on ade- 
quate amounts of pantothenic acid. In black or piebald rats 
restoration of the black color of the fur was obtained within 
2 months, a period about twice as long as that required in rats 
of three weeks of age (Unna, Richards and Sampson, 741). 
When treatment was initiated after a deprivation period of 
3 months, the animals attained, within 30 days, the average 
weight of those existing on adequate amounts of pantothenic 
acid; after a deprivation period of 5 or 6 months about 2 
months of treatment were required to regain the normal 
weight (fig. 2, curve la). 

In other experiments, rats started at 10 weeks of age and 
subsisting for 3 months on 10 ug. of pantothenic acid daily 
were dosed with 25 pg. daily. Within 1 month, all signs of the 
deficiency disappeared and their weights recovered the levels 
attained by the control rats fed adequate amounts of panto- 
thenie acid throughout the entire period. On the other hand, 
an increase of a daily supplement of 25 ug. to 100 ye. failed 
to raise the weight curve (fig. 2, curve 3a); additional con- 
firmation that a daily supplement of 25 pg. meets the require- 
ment for optimum growth in adult rats. 


DISCUSSION 


The data presented here demonstrate that the daily mainte- 
nance dose of pantothenic acid for optimum growth in rats 
decreases greatly with progressing age of the animal. In 
weanling rats consuming 5.3 gm. of diet daily it is approxi- 
mately 80 to 100 ug., whereas in adult rats with an average 
food consumption of 15.5 gm. daily, it amounts to only 25 pg. 
Observations on the appearance of deficiency lesions cor- 
roborate the findings on growth; the daily amount of panto- 
thenic acid necessary to prevent these lesions is 100 pg. in very 
young rats and only 25 pg. in rats of 10 weeks of age. These 
findings were the same with two different strains, albino and 
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piebald rats and, furthermore, were obtained alike in male 
and female animals. 

Storage of pantothenic acid might be considered as a pos- 
sible factor involved in the difference of the response between 
younger and older rats. Since it has been demonstrated 
previously that at the age of 3 weeks a daily supplement of 
100 pg. of pantothenic acid just meets the requirement of the 
rat for maximum growth, a possibility for a storage of the 
vitamin at this age appears to be slight and, certainly would 
not offer a satisfactory explanation for our findings. Hence, 
we feel that the striking change in the requirement for panto- 
thenie acid is related to the age of the animals. The sharp 
decline in the requirement takes place between the third and 
the tenth week of the life of the rats. It coincides with the 
period in which the rapid growth rate of the infant rat is 
gradually declining. Also, the experiments demonstrate 
clearly that, at least during these stages of life, the pantothenic 
acid requirement bears no relation to the weight nor to the 
food consumption of the animal. In this respect our findings 
with pantothenic acid are a diametrical counterpart to the 
findings with thiamine by Osborne, Mendel and Cannon (’22), 
Cowgill (’34) and Jolliffe (’38). This striking decrease in 
the requirement during a period of great increase in food 
consumption and in weight is quite the reverse of the approxi- 
mately linear relationship of the thiamine requirement to body 
weight (Cowgill, ’38) or to non-fat calories (Williams and 
Spies, ’38). 

Additional evidence for a difference between the require- 
ment of pantothenic acid and that of thiamine is found in the 
different response of depleted rats to single curative doses. 
The thiamine deficient rat reacts to a single dose of thiamine 
with a sharp but transient weight response; its weight returns 
to its original level almost as rapidly as it had increased 
(Smith, ’30) in response to the vitamin administration. The 
pantothenic acid deficient rat responds to a single curative 
dose of pantothenic acid with a similar increase in weight, 
but the weight gain is sustained, and subsequent doses at 
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weekly intervals produce a ‘‘staircase’’ effect in the weight 
curve, as previously described (Unna, ’40). 

The observation that the greatest need for pantothenic acid 
coincides with the period of maximal growth indicates that 
pantothenic acid may play a role in metabolism quite different 
from that of thiamine and other B vitamins connected with 
‘arbohydrate metabolism, and permits the speculation that 
it may be connected with metabolic processes involved in the 
formation of new tissue. 

SUMMARY 


The pantothenic acid requirement at various stages of life 
was studied in albino and piebald rats maintained on a basal 
diet devoid of pantothenic acid. 

1. The maintenance dose for optimal growth and for pre- 
vention of characteristic deficiency lesions decreases from 
100 pg. per day at 3 weeks of age to 25 pg. per day at 10 weeks 
of age. 

2. The requirement for pantothenic acid cannot be cor- 
related with the weight or the food consumption of the rat. 
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This report deals with an investigation of moderate vitamin 
deficiencies such as are likely to occur in human dietaries. 
The results presented herein, relating to appetite and growth, 
will be followed by associated observations on the composition 
of the body gains. 

Growth effects of thiamine, riboflavin, pyridoxine and 
‘alcium pantothenate were determined separately by use of 
the paired-feeding method wherewith a vitamin-fortified basal 
diet was compared simultaneously with similar diets differing 
only with respect to one of the vitamins. 

Appetite effects were determined by comparison of the 
food consumption of the rats on the deficient diets with the 
food consumption of rats receiving the complete diet ad 
libitum. 

The beneficial effect of thiamine on growth of rats has 
been found to be largely the result of its effect on appetite 
(Hogan and Pilcher, ’33; McClure, Voris and Forbes, ’34; 
Voris, ’37; Harris, ’38; Schrader and Prickett, ’38). 

A claim that thiamine has a specific effect on growth un- 
related to food intake was advanced by Sure and his collabo- 

* Authorized for publication on January 9, 1942, as paper no. 1076 in the 
Journal Series of the Pennsylvania Agricultural Experiment Station. 
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rators (Sure, Kik and Smith, ’32; Sure, ’32; Sure, Kik, 
Walker and Smith, °33), but this conclusion was recently 
modified by Sure and Dichek (’41a) who reported that rats 
receiving suboptimal levels of thiamine grew as well as pair- 
fed rats receiving ample thiamine; however, when the de- 
ficiency of thiamine was extreme, the deficient rats lost weight 
more rapidly than their pair-mates receiving ample thiamine. 

This latter observation was not confirmed by Voris and 
Thacker (unpublished results) who found that rats receiving 
thiamine lost weight at the same rate and failed to survive as 
long as their deficient pair-mates. It was concluded that the 
lessened vital activities of the deficient rats, associated with a 
reduced basal metabolism (Voris, °37), bradycardia, etce., 
accounted for their ability to withstand the submaintenance 
conditions for a longer period than their controls. 

Riboflavin deficiency has been found to affect growth 
specifically but not the appetite of rats (Sure and Dichek, 
41 b; Sure, °41). According to these investigators, the 
anorexia accompanying extreme riboflavin deficiency was re- 
lieved by the administration of pyridoxine. 

The present authors are unaware of any studies which have 
dealt with the specific effects of either pyridoxine or calcium 
pantothenate on growth with controlled feed consumption. 


EXPERIMENTAL 


The basal diet used for these studies had the following 
percentage composition: sucrose 68, casein ? 20, hydrogenated 
vegetable oil * 5, a cellulose preparation * 2, salt mixture ° 3, 
cod liver oil ® 2. 

Supplementary factors were added to this diet to make up 
the test rations. The designation of the rations and the 


? Labeo, vitamin-free. 

* Crisco. 

*Cellu flour from Chicago Dietetic Supply House, Chicago, Illinois. 
* Hubbell, Mendel and Wakeman, ’37. 


* E. R. Squibb and Son, medicinal grade. 
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quantities of supplements provided per gram of ration were 
as follows: 
Ration A (complete) — thiamine 10 ug., riboflavin 10 ug., pyridoxine 5 ug., Ca 


pantothenate 20 ug., choline 4 mg., B alanine 10 ug., nicotinic acid 
10 wg., a tocopherol 25 ug., and inositol 1 mg. 


Ration B (low thiamine) — thiamine 1 ug., and all other supplements the same 
as ration A. 
Ration C (low riboflavin) —riboflavin 1 mug., and: all other supplements the 


same as ration A. 

Ration D (low pyridoxine) — pyridoxine 0.5 ug. and all other supplements the 
same as ration A. 

Ration E (low pantothenate) —Ca pantothenate 2 ug. and all other supple- 
ments the same as ration A. 

Ration A, (liver extract) — Ration A plus 0.2% liver extract.’ 

Ninety-five weanling albino rats of the Wistar strain were 
used as experimental subjects. These were distributed as 
follows: ten litter mate pairs (five male, five female) for the 
comparison of ration A with each one of rations B, C, D and 
E; five litter mate pairs (female) for comparison of ration A, 
with ration A and for testing the adequacy of ration A for 
growth when fed ad libitum; five rats (female) for ad libitum 
feeding of ration A, in order to ascertain its adequacy for 
growth in comparison with the rats fed ration A ad libitum. 

With the exceptions indicated, the paired-feeding technic 
was employed, and the quantity of feed allotted was deter- 
mined daily by the rat of a pair which consumed the lesser 
quantity of feed. The feed was weighed on a precision balance 
to the nearest 0.1 gm. The rats were kept in individual cages 
with feeders and watering-bottles as described by Swift, 
Kahlenberg, Voris and Forbes (’34). Tap water was allowed 
ad libitum. All rats were weighed once a week throughout the 
10 weeks experimental period. 

In the fourth and fifth weeks rats on the thiamine test 
were given 5 pg. daily of additional thiamine, and throughout 
the last 5 weeks they were given 3 ug. of thiamine daily in 
addition to the thiamine in the rations. The thiamine was 
mixed with a cellulose preparation® so that 1 gm. of the 

" Eli Lilly & Co. 

*See footnote 4, page 556. 
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mixture contained 50 pg. of the vitamin. Weighed portions of 
the mixture providing the allotment of supplementary 
thiamine were added to the daily feed for both rats of a pair. 
This thiamine supplementation became necessary after the 
third week because the rats receiving ration B (low thiamine) 
were limiting the feed consumption to submaintenance levels. 

Likewise, it became necessary to provide additional Ca- 
pantothenate to four rats receiving ration E. One pair was 
given 10 pg. daily of additional pantothenate in a cellulose 
preparation * after the third week and three other pairs were 
given the same after the fourth week. 

No supplementation was necessary for the rats on rations 
C or D. 

After 10 weeks on the experimental rations the rats were 
killed with illuminating gas, the contents of the alimentary 
tracts removed and the empty weights obtained. The empty 
weights at the start of the experiment were estimated from 
the average alimentary fill of corresponding rats killed for 
this purpose. 

The temperature of the room in which the rats were kept 
averaged 25°C. during the first 6 weeks and 23°C. during 
the last 4 weeks. These temperatures were fairly constant 
for the periods designated, rarely deviating as much as a 
degree from the averages given. The lower temperature 
during the last 4 weeks resulted when the use of a heating 
unit in the room was discontinued. 


RESULTS 


Rations A and A, (complete, and same plus liver extract). 
These rations were fed ad libitum to female rats only and the 
average gain for 10 weeks was 167.4 gm. for the rats receiving 
ration A and 168.1 gm. for those receiving ration A, (table 1). 
Maximum weekly gains of 29.6 gm. and 30.0 gm. were made 
during the second and third weeks without much decrease in 


*See footnote 4, page 556. 
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the rate of gain until after the sixth week. The rate of gain 
of the rats on these synthetic rations compared favorably with 
that of the stock colony rats from which they were derived. 
The addition of liver extract did not improve the adequacy for 
growth of the completely synthetic ration A. 


TABLE 1 


The influence of suboptimal intakes of thiamine, riboflavin, pyridoxine and 
pantothenate on growth of rats pair-fed with rats on a completely 
fortified synthetic ration for 10 weeks. 


NO. OF FEED 
raion mame | eam | vmrammy | rowat.,| rma) gary | PO 
SEX GAIN 
gm. ug./day gm. gm. gm. gm. : 
Thiamine 
B: low thiamine 5g 549 10 183 38 145 3.8 
A: complete 5d 550 81 182 37 144 3.8 
B: low thiamine 59° 545 10 149 39 110 5.0 
A: complete 5Q 545 80 161 40 121 4.5 
Riboflavin 
C: low riboflavin 5 718 10.3 217 43 174 | 4.1 
A: complete 5d 718 103 240 43 197 3.7 
C: low riboflavin 59 598 8.5 167 39 128 4.7 
A: complete 5Q 598 85 175 40 135 4.4 
Pyridoxine 
D: low pyridoxine 5g 587 4.2 189 43 146 4.0 
A: complete 5 589 42 202 42 160 3.7 
D: low pyridoxine 59 498 3.6 131 38 93 5.4 
A: complete 5Q 498 36 135 38 97 5.1 


Pantothenate 


E: low pantothenate 4¢ 597 19 183 43 140 4.3 
A: complete 4d 597 72 202 44 159 3.8 
E: low pantothenate 59 547 18 148 38 110 5.0 
A: complete 59 547 159 164 38 126 4.3 
A: complete 29 755 213 47 166 4.5 
A,: A + liverextract 29 755 209 47 162 4.7 
A: ad libitum 59 749 213 45 167 4.5 
A,: ad libitum 59 759 209 41 168 4.5 


? Excluding contents of alimentary tract. 
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With respect to the response of male rats to ration A it may 
be noted that those receiving this ration in the paired groups 
gained 1 gm. in weight for each 3.72 gm. of feed consumed, 
whereas the female rats required 4.57 gm. of feed for each 
gram gained. The male rats receiving ration A paired with 
those receiving ration C (low riboflavin) gained 196.8 om. on 
718 gm. of feed as compared with a gain of 167.4 gm. on 749 
em. of feed made by the female rats receiving ration A 
ad libitum. 

In planning this investigation, the idea was considered that 
the rats receiving ration A ad libitum would limit the feed 
consumption of paired rats receiving ration A,. However, 
only two rats on ration A, would eat as much as their pair- 
mates on ration A and, consequently, there were only two 
paired comparisons of these rations. The rats on ration A 
gained 166.3 gm. as compared with 162.4 gm. gained by their 
pair-mates on ration A, during the 10 weeks. 

Ration B (low thiamine). With 1 yg. of thiamine per gram 
of feed, the rats receiving ration B exhibited marked anorexia 
during the third week on the ration (fig. 1) and the feed 
consumption dropped to about 4 gm. daily, on the average, 
with consequent loss of weight. With an additional 5 pg. of 
thiamine daily Curing the fourth and fifth weeks the feed 
consumption of the rats increased to 9 gm. daily and the 
gains in weight averaged 3.5 gm. daily. 

Since this allowanee of thiamine appeared to be excessive 
for the purposes of the experiment, no additional thiamine 
was given in the early part of the sixth week but after the 
second day the feed consumption had dropped to 5 gm. daily 
so that it was necessary to provide an additional 3 ug. of 
thiamine daily. This supplement in addition to the thiamine 
in the ration permitted positive growth through the ninth 
week. The feed intake during the ninth week had decreased 
about 10% and during the tenth week it dropped about 40% 
compared with the feed consumption of the seventh and 
eighth weeks. 
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Thus, it is obvious that 1 yg. of thiamine per gram of 
feed was just insufficient to maintain the appetites of the 
rats. They responded with remarkable sensitivity to slight 
adjustments of the thiamine intake by supplementation, but 
without supplementation the feed consumption was insufficient 
for maintenance. 

The growth curves (including both sexes) of the paired rats 
used for comparison of rations A and B were practically 
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Fig.1 Growth and food consumption of pair-fed rats comparing the complete 
synthetic ration A (dotted lines) with rations B, C, D and E (solid lines), each 
deficient in only one of the vitamins. Curves include equal numbers of males and 
females. 


parallel (fig. 1). The slight weight advantage accruing to the 
rats receiving ration A was confined entirely to the females. 
The male rats on rations A and B gained an average of 144.2 
and 144.7 gm., respectively. The female rats receiving ration 
A gained 120.9 gm. and their pair-mates receiving ration B 
gained 109.8 gm. as an average. There were no exceptions 
among the female rats in this respect and statistically the 
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odds are 2000 to 1 against this difference occurring by chance 
alone. For the group as a whole, the odds are only 18 to 1 
that thiamine had a significant effect on growth. 

Ration C (low riboflavin). With 1 yg. of riboflavin per 
gram of feed, the rats receiving ration C limited the feed 
intakes of their pair-mates receiving ration A without excep- 
tion during the first 7 weeks and 60 against 9 times during 
the last 3 weeks. 

The appetite depression with insufficient riboflavin was dis- 
similar in magnitude and character to that occurring with 
thiamine insufficiency. In the latter case the appetite was 
likely to drop to disastrous levels and was quite sensitive to 
slight changes in thiamine intake. With riboflavin insufficiency 
the appetite depression was mild in degree and relatively 
consistent, appearing as characteristic of a general rather than 
a specific effect. Also, there was a marked difference in feed 
consumption between the male and female rats receiving 
ration C, an effect which did not appear in the low thiamine 
group. 

After the second week the weight gained by the rats re- 
ceiving ration C was consistently less than that gained by 
their pair-mates receiving ration A (fig. 1). 

In 10 weeks the male rats receiving ration C gained 88.2% 
and the female rats 94.5% as much weight as their pair- 
mate controls on ration A. The growth difference favoring 
ration A was without exception among the pairs of rats and 
was definitely significant in indicating a specific effect of 
riboflavin in the economy of feed utilization separate from 
its effect on appetite. The odds were 3000 to 1 against the 
difference occurring by chance. 

Ration D (low pyridoxine). A depression of appetite with 
insufficient pyridoxine was evident within the first week of 
feeding ration D, and throughout the 10 weeks the rats re- 
ceiving this ration limited the feed intake of their pair-mates 
receiving ration A without a single exception. The character 
of the appetite depression was different from that observed 
with an insufficiency of either thiamine or riboflavin. On low 
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pyridoxine intake the appetite of a rat would have a sudden 
and temporary lapse with refusal of a large portion of the 
daily feed followed by a return to the former level of feed 
consumption within a day or so. 

A slight retardation of growth of the low pyridoxine rats 
was evident after the third week (fig. 1). The difference was 
more marked with the male than with the female rats. The 
male rats receiving ration D gained 90.8% and the female 
rats 95.6% as much weight as their control pair-mates re- 
ceiving ration A. The growth advantage favoring ration A 
was evident in all pairs of the male rats but among the 
female pairs one control rat gained less weight than the 
low-pyridoxine mate, and in one pair the gains were equal. 
The odds were 50 to 1 against the difference occurring by 
chance alone. 

Ration E (low pantothenate). The appetite depression evi- 
dent with the rats receiving ration E persisted throughout 
the 10 weeks. Three of the ten pairs of rats had to be given 
additional pantothenate to prevent loss of weight because of 
insufficient feed consumption. Two rats (one male, one female) 
receiving ration E developed typical pantothenate deficiency 
symptoms (reddening of hair about head, caked whiskers and 
sticky, unkempt fur). These rats were from the same litter. 
The symptoms disappeared in the female with the additional 
10 pg. of Ca pantothenate daily but persisted throughout the 
last 7 weeks in the male rat. The latter rat developed the 
habit of scattering feed during the last 2 weeks and the pair of 
which he was a member was not included in the average 
results of table 1. 

After the third week the rats receiving ration E gained 
consistently less than their pair-mates receiving ration A 
(fig. 1). This group showed a larger divergence in weight 
than any of the other groups. The difference in the response 
of the sexes was not as marked as with the low riboflavin and 
low pyridoxine groups. The male rats receiving ration E 
gained 87.8% and the female rats 87.3% as much weight as 
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their pair-mates on ration A. The odds were 200 to 1 against 
the difference occurring by chance alone. 
DISCUSSION 

Mills (’41) reported positive growth with rats on a diet 
containing as little as 0.6 yg. of thiamine per gram in an 
environmental temperature of 32°C. and as little as 0.4 ug. 
per gram in a temperature of 18°C. It has been noted in 
the present investigation that 1 pg. of thiamine per gram of 
ration was insufficient for maintenance. The diet used by 
Mills contained a larger proportion of carbohydrate than 
ration B but also contained 2% of a liver extract which pos- 
sibly contained some thiamine. The slight difference in average 
temperature for the first 6 weeks (25°C.) as compared with 
the last 4 weeks (23°C.) in the present investigation had no 
apparent effect on the thiamine requirement of the rats. 

It is obvious that all the factors investigated herein have a 
definite effect on appetite. A critical quantitative comparison 
of the different factors with respect to their effect on appetite 
is not feasible from the present data since graded responses 
to different levels of intake could not be included. However, 
for the particular differences in vitamin intake as imposed 
in these tests, the feed consumption of the female rats on the 
low levels of intake compared with the female rats fed ration 
A ad libitum was reduced 27% for ration B (low thiamine), 
20% for ration C (low riboflavin), 34% for ration D (low 
pyridoxine), and 27% for ration E (low pantothenate). 

The qualitative differences in appetite effects based on daily 
observation and impressions supported by the daily feeding 
records may be noteworthy. With insufficient thiamine the 
appetite of the rat would drop to submaintenance levels and 
the disinterest in eating would continue until additional 
thiamine was provided. With insufficient riboflavin the ap- 
petite depression appeared to be the result of a general 
physiological debility of an unspecific nature. With insufficient 
pyridoxine there were sudden and temporary lapses in ap- 
petite followed by an equally prompt recovery. Pantothenate 
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anorexia seemed to follow the pattern of riboflavin insuff- 
ciency. 

The results presented herein indicate that riboflavin, 
pyridoxine and pantothenate have specific growth-promoting 
effects unrelated to appetite. Thiamine does not seem to have 
a specific effect on growth separate from its effect on ap- 
petite when the sexes are not differentiated. However there 
was a favorable effect of thiamine indicated in body weight 
gained by female rats. 


SUMMARY 


The effects on the appetite and growth of rats with moderate 
deficiencies of thiamine, riboflavin, pyridoxine and calcium 
pantothenate were investigated by comparing a complete 
synthetic diet with similar diets differing only with respect to 
one of the vitamins. The paired-feeding method was used to 
distinguish the appetite and growth effects. 

All four vitamins investigated had a definite effect on ap- 
petite, the character of the effect being somewhat different 
for each vitamin. 

Riboflavin, pyridoxine and pantothenate had specific growth- 
promoting effects unrelated to appetite. Thiamine had no 
definite effect on the growth of male rats but improved the 
growth of female rats significantly. 

Neither appetite nor growth was improved by the addition 
of liver extract to the so-called complete synthetic diet. 


LITERATURE CITED 

Harris, L. J. 1938 Vitamins and vitamin deficiencies. Vol. I. Introduction 
and historical. Vitamin B, and beri-beri. P. Blakiston’s Son & Co., 
Ine., Philadelphia, Chapt. V. 

Hogan, A. G., AND R. W. PitcHer 1933 Effects of variations in the amounts 
of vitamin B and protein in the ration. Missouri Agr. Expt. Sta. Res. 
Bull. 195. 

HvuBBeELL, R. B., L. B. MENDEL AND A. J. WAKEMAN 1937 A new salt mixture 
for use in experimental diets. J. Nutrition, vol. 14, p. 273. 

McCuureE, F. J., L. Voris anp E. B. Forses 1934 The utilization of energy 
producing nutriment and protein as affected by individual nutrient 
deficiencies. II. The effects of vitamin B deficiency. J. Nutrition, 
vol. 8, p. 295. 








566 LEROY VORIS AND OTHERS 


Minus, C. A. 1941 Environmental temperatures and thiamine requirements. 
Am. J. Physiol., vol. 133, p. 525. 

Scuraper, G. A. AND C. O. Prickett 1938 The influence of the diet and energy 
intake upon acute vitamin B, deficiency in the rat. J. Nutrition, 
vol. 15, p. 607. 

Sure, B. 1932 Avitaminosis XI. The specifie effect of vitamin B on growth 
as evidenced by the use of vitamin B concentrates. J. Biol. Chem., 
vol. 97, p- 133. 

1941 Further observations on riboflavin as a food factor in economy 
of food utilization. J. Nutrition, vol. 22, p. 295. 

Sure, B., AND M. DicHek 1941a The sparing action of thiamine on body tissue 
catabolism. J. Nutrition, vol. 21, p. 445. 

1941 b Riboflavin as a factor in economy of food utilization. J. 
Nutrition, vol. 21, p. 453. 

Sure, B., M. C. Kik anp M. E. Smita 1932 The specific effect of vitamin B on 
growth. J. Nutrition, vol. 5, p. 155. 

Sure, B., M. C. Kix, D. J. WALKER AND M. E. SmitH 1933 Dietary require- 
ments for fertility and lactation. IV. The specific effect of vitamin B 
on lactation and growth. Arkansas Agr. Expt. Sta. Bull. 284. 

Swirt, R. W., O. J. KAHLENBERG, L. Voris AND E. B. Forses 1934 The 
utilization of energy producing nutriment and protein as affected by 
individual nutrient deficiencies. I. The effeets of cystine deficiency. 
J. Nutrition, vol. 8, p. 197. 

Voris, L. 1937 


Effect of vitamin B deficiency on heat production of the rat. 
J. Nutrition, vol. 14, p. 199. 











THE EFFECT OF A HIGH VITAMIN A INTAKE 
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In an earlier paper from this laboratory (Deuel, Halliday, 
Hallman, Johnston and Miller, ’41), it was shown that the 
vitamin A content of butterfat of Guernsey cows could be con- 
siderably increased if vitamin A in the form of shark liver oil 
was administered in daily amounts of 700,000 I. U. Smaller 
doses proved ineffective while larger amounts produced a 
greater augmentation in the vitamin A content of the butter- 
fat. These responses occurred without the deleterious effect 
on milk production noted earlier when cod-liver oil was used 
as a supplement (Golding et al., ’26). 

A marked decrease in the level of carotene secreted in the 
milk occurred when the vitamin A intake was elevated by the 
feeding of shark liver oil, even when the quantity of the vita- 
min A fed was too small to cause a rise in the A content of the 
milk. Gallup (’41) has also recently reported that the daily 
administration of cod-liver oil to calves on winter rations 
~aused about a 50% decrease in plasma carotene. 

*This work was assisted by a research grant from the California Packing 
Corporation. Dr. J. P. Nutall and Dr. C. M. Bonynge of the Los Angeles Certified 
Milk Commission assisted in the planning of the experiments. The tests on the 
cows were made with the cooperation of the Adohr Milk Farms, Los Angeles. 


These data were presented before the Symposium on Biochemistry in Section C, 
A. A. A.S. meeting in Dallas, December 29, 1941. 
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The present investigation was carried out to determine 
whether the depression in carotene is to be ascribed to either 
some toxic component in the shark-liver oil or the vitamin A 
per se. Also the effect of shark liver oil administration was 
studied in Holstein cows where the carotene metabolism 
normally proceeds at a level different from that in the 
Guernsey. 

EXPERIMENTAL 


The first series of experiments were carried out on twenty- 
five Guernsey cows of a large certified dairy, while twenty-six 
Holstein cows were employed in the second series of tests. 
The animals received a diet of approximately 5 pounds of a 
grain mixture which was fed twice daily together with alfalfa 
fed ad libitum. The control cows received only this basal diet 
while the experimental animals were fed a vitamin A supple- 
ment in addition. The tests were conducted simultaneously ; 
therefore any differences in vitamin A or carotene secretion 
must be ascribed to the supplement 

The first series of tests were carried out from June 25 to 
October 6, 1941, on Guernsey cows. After a preliminary period 
of 2 weeks during which all the animals received only the basal 
diet, 30 ce. of shark liver oil ? containing 700,000 I. U. of vita- 
min A (25,000 I. U. per gram) was administered over a 6 
weeks’ period to one group of eight animals in two equally 
divided doses daily, while a second group of eight cows re- 
ceived 700,000 I. U. of vitamin A concentrate assaying 545,000 
I. U. per gram *. A third group of cows was maintained on the 
basal diet without supplement while one cow (no. 44) was 
fed shark liver oil at a much higher level. After this 6 weeks’ 
period the supplement was discontinued and the animals were 
kept on the basal diet for a post-vitamin A supplement period 

* Shark liver oil having a vitamin A potency of 25,000 U.S. P. units per gram 
was furnished by California Packing Corporation in the form of its Dairy Grade 
‘*Amin-A’’ Brand Oil. In the tests with Guernsey cow 44, 100,000 unit oil was 
employed. 

*The vitamin A concentrate was a commercial sample obtained by molecular 
distillation. 
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until the carotene metabolism returned to normal. This re- 
quired 7 weeks. 

In the tests with Holstein cows a similar program was 
followed. This consisted of a basal period of 2 weeks for all 
animals followed by a vitamin A supplement period of 11 
weeks during which shark liver oil in different amounts was 
given to two groups of eight cows; the remaining ten cows 
which served as controls received the basal diet without sup- 
plement. A post-vitamin A supplement period followed during 
which the diet was similar in the three groups and no supple- 
ment was administered. Ten weeks were required before the 
carotene returned to the normal level. 

Milk samples were collected from each of two milkings on 
the first and fourth days in the weeks when analyses were 
made. The combined samples from each cow were mixed, 
soured overnight with a lactic acid bacilli culture, and churned 
on the following day. The butter was separated by pouring 
through cheesecloth; it was then washed, put in centrifuge 
tubes, melted, the water drawn off as thoroughly as possible 
and the fat filtered through anhydrous Na,SO, into the sample 
bottles. As soon as the filtration was complete, the air above 
the sample was displaced with CO, and the samples were 
stored in a dark cold room until the analyses were carried out. 

Vitamin A was determined on the non-saponifiable fraction 
by the use of the Bills-Wallenmeyer electronic photometer 
while later samples were also checked with the Beckman 
spectrophotometer. Both instruments were calibrated with the 
unsaponifiable fraction of reference cod-liver oil and corree- 
tions were made for absorption due to carotene. 

Carotene was determined by the procedure of Koehn and 
Sherman (’40) with the Klett-Summerson photoelectric colori- 
meter, using a filter having a maximum transmission at 
420 m.y. Xanthophyll was removed by preliminary extraction. 
Blood carotene was determined on all animals at the period 
of greatest suppression of milk carotene as well as at the end 
of the test when the carotene metabolism had returned to 
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normal. Determinations were made by the method of Davis 
and Madsen (’41). 

The total secretion of vitamin A is calculated as the product 
of the daily butterfat production and the A content. This is 
corrected for the average basal level which is determined in 
a similar manner. When this extra vitamin A secreted is 
‘divided by the vitamin A content of the ‘supplement, the 
efficiency of secretion is obtained (table 4). 


RESULTS 


The results of the experiments on the butterfat of Guernsey 
cows are summarized in table 1 and those on the Holsteins 
are given in table 2. Table 3 reports the data on Guernsey 
cow 44 while table 4 shows the relative efficiency in elimina- 
tion of the administered vitamin A in the milk. Figure 1 
demonstrates the relationship between the levels of carotene 
in blood plasma and butterfat. The average carotene level 
in the blood plasma of Guernsey cows (eight in each group) 
was as follows: (a) basal period (7-2-41) 1360 + 158 ug. per 
100 ec. for six cows only; (b) vitamin A supplement period 
(8-16-41), controls, 762 + 102, group I, 579 + 73, group II, 
412 + 53; (c) post-vitamin A supplement period (10-6-41), 
1060 + 129, 1051 + 119 and 969 + 100 for the three groups, 
respectively. With the Holstein cows the average levels of 
plasma carotene of ten control cows and of eight cows in each 
of groups I[ and II were as follows: (a) basal period (7-21-41) 
682 + 58 for six cows only; (b) vitamin A supplement period 
(10-10-41) 783 + 89, 423 + 24 and 287 + 38 for the controls, 
group I and group II, respectively; (c) post-vitamin A sup- 
plement period, 624 + 67,613 + 40, and 522 + 50 for the above 
groups, respectively. The ratio of mean difference to standard 
error of mean difference between the controls and experi- 
mental animals exceeds 3.00 with group II of Guernseys and 
both groups I and II of the Holsteins which indicates that the 
averages are statistically different. Moreover, the level of 
plasma carotene in group II of the Holsteins has a significantly 
lower value than that in group I. 
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DISCUSSION 


The depression in the carotene content of milk which results 
from the administration of large amounts of vitamin A in the 
form of shark liver oil has been shown to be attributable to 
vitamin A per se rather than to other components of this oil. 
Thus, the extent of the decrease in butter carotene of 
Guernsey cows (table 1) was equally as marked when the 
animals received 700,000 I. U. of vitamin A daily in the form 
of a vitamin A concentrate (1.4 ce.) as when a similar unitage 
of this vitamin was administered as 30 cc. of shark liver oil 
(25,000 I. U. per gram). 

There seems to be some evidence also that within a certain 
range the extent of lowering of carotene is proportional to 
the amount of vitamin A administered. Thus, during the oil- 
supplement period the levels of this pigment are lower in every 
‘ase in group II (which received 2,100,000 to 4,200,000 I. U. of 
vitamin A) than in group I (which received only 700,000 I. U. 
of vitamin A). Also the levels obtained in Guernsey cow 44 
(table 3) are far lower than those reported when smaller 
amounts of the vitamin were given to other animals (table 1). 
However, as the carotene value reaches the minimum level, 
additional increases in vitamin A intake do not reduce further 
the carotene output. This is proved in both of the above series 
of tests where the vitamin A intake was greatly increased in 
the latter part of the test period without any corresponding 
decrease in provitamin A output. 

This decreased carotene secretion is associated with a con- 
comitant lowering in the carotene level of the blood plasma. 
Moreover, the depression in the level of plasma carotene is 
also greater when a larger intake of vitamin A occurs. This 
is evident both in the Holstein tests where the values for blood 
carotene in group II are significantly lower than those for 
group I as well as in the case of Guernsey cow 44 where the 
value is much lower than those for Guernsey groups I or II, 
both of which received a lower intake of vitamin A. In fact 
the minimum value of 100 ug. of carotene per 100 ce. of plasma 
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obtained on cow 44 is the lowest value recorded for any of the 
animals of either breed. 

The decrease in carotene level cannot be the result of a 
lowered intake of this pigment. Although quantitative meas- 
urements were not made on the amount of alfalfa consumed, 

TABLE 3 
The beta carotene and vitamin A in the butterfat of Guernsey cow 44 before 


and after the administration of vitamin A in the form of shark liver oil. 





VALUES PER GM. 
OF BUTTERFAT 


- DATE OF . > 
EXPERIMENTAL orane oF WEEK OF BLOOD 
REGIME . “ PERIOD OAROTENE 
WEEK , 
Beta Vitamin 


carotene 





1941 ug I. U. ug./100 ce. 
Basal Period June 25 1 10.47 29.0 
July 2 2 9.43 29.2 
July 16 4 9.47 18.4 
Average 9.79 25.5 
Oil supplement period I July 30 1 9.29 170.4 
2,650,000 I. U. daily Aug. 6? 2 6.85 208.8 
starting July 30) ? Aug. 10? 2 5.86 216.2 o 
Aug. 13? 3 4.99 223.2 635 
Aug. 18? 3 4.70 152.0 
Aug. 25 + 2.21 204.1 
Oil supplement period II Sept. 8 6 2.73 126.0 
5,300,000 I. U. daily Sept. 15 7 2.75 147.2 
starting Sept. 1) * Sept. 29 9 2.80 221.2 ve 
Oct. 9 1] 2.28 178.4 100 
Post-experimental Nov. 6? 4 3.61 32.9 
period Nov. 26? 7 3.60 24.8 
3.96 33.9 


Dee. 15? 10 


‘Single sample for date specified rather than composite for week. 
*Shark liver oil furnished by California Packing Corporation (Code F-148) 
which contained 94,800 I. U. per gram. During period I, 30 ce. was used daily, 


while during period II the quantity was increased to 60 ce. daily. 


the amount of this feed eaten by a commercial herd of 156 
Holstein and Guernsey cows fed shark liver oil for the produc- 
tion of a high vitamin A milk was not noticeably lowered. The 
low carotene level has been continuously observed in this com- 
mercial herd during a period of 9 months while this procedure 


has been employed. 
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The decrease might also be caused by a poorer absorption 
of carotene from the gastrointestinal tract in the presence of 
large quantities of vitamin A in the diet. We have no data 
on this point, although a study of it in chickens is in progress. 

A more probable explanation would seem to be that an in- 
creased rate of destruction of carotene occurs in the tissues. 
The prolonged period required for the development of the 
maximum effect (4 weeks), as well as that during which it 
persists after the cessation of the feeding of the vitamin A 
supplement (7 to 10 weeks), would seem to indicate that the 
phenomenon may be related to the development of a new 
enzyme system. It has been suggested that the presence of 
large amounts of vitamin A in the tissues may cause the pro- 
duction of an enzyme capable of destroying this vitamin; such 
an enzyme would also be capable of altering carotene because 
of its close structural relationship to vitamin A. 

The vitamin A content of the butterfat is directly propor- 
tional to the vitamin A administered. The average increase 
over the values of the control group in the Holstein cows re- 
ceiving 700,000 I. U. for 6 different weeks (forty-six experi- 
ments) was 34.8 I. U.; when three times this dose was given, 
group II averaged 94.0 I. U. greater than the controls (sixteen 
tests); when the dose was four times this quantity, the mean 
increase was 125.0 I. U. (fourteen experiments); when six 
times the dose (4,200,000 I. U.) was administered, the augmen- 
tation amounted to 205 I. U. (sixteen experiments). The in- 
crease in vitamin A per gram of butterfat per million units 
fed for these four levels is 49.7, 44.7, 44.7, and 48.8 I. U., re- 
spectively, or an average of 47.0 I.U. However, due to the 
somewhat greater milk production in the group receiving 
700,000 I. U. daily, the greatest efficiency in excretion of in- 
gested vitamin A was noted here, i. e., 3.50%. In the Guernsey 
cows, the increase was somewhat less after the administration 
of shark liver oil at the level of 700,000 I. U. Here the butter- 
fat contained on an average 37.0 I. U. more vitamin A per 
million units fed. This lower value in this species is partly to 
be traced to a longer period of saturation before the maximum 
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secretion into the milk, as the value obtained in the sixth week 
is higher than the average for the Holsteins receiving this 
dose. The increase in the Guernsey cows which received the 
same dose in the form of a vitamin A concentrate (group I1) 
amounted to 48.6 I. U. or at a rate of 69.4 I. U. per million 
units fed. 

The highest levels of vitamin A were obtained in the Hol- 
stein cows which received 4,200,000 I. U. of this vitamin daily. 
This averaged 280 I. U. per gram of butterfat for the first 
week, which is over twelve times the basal level and seven 
times the concurrent level of the control cows. Cow 56 in this 
group excreted butter containing 331 I. U. of vitamin A per 
gram. The maximum total vitamin A output was noted with 
cow 59 where 179,000 I. U. were excreted daily. The values 
obtained for the second week when the feeding continued at 
this level showed a marked drop in the level of vitamin A; 
however, this is in part accounted for in a marked increase in 
fat excreted so that the total vitamin A output is decreased 
to a considerably smaller degree. In the single test on 
Guernsey cow 44 at a correspondingly high level of intake, 
the maximum values of vitamin A in butterfat were somewhat 
lower. 

Although the values are based on spectrophotometric deter- 
minations with the Bills-Wallenmeyer photometer, they are 
supported by bioassays made on three samples of Guernsey 
and three samples of Holstein butter. Moreover, practically 
identical values were found on eight samples from group II 
of the Holsteins showing the highest levels of vitamin A when 
varried out on the Beckman spectrophotometer and the Bills- 
Wallenmeyer photometer. 

There is also a proportionality between blood carotene and 
the level of milk carotene (fig. 1). The comparative slopes of 
the curves are similar for Holsteins and Guernseys but at a 
more elevated level for the latter group. Considerably higher 
levels of blood carotene are associated with the secretion of 
a given amount of this component into the milk of the Hol- 
steins as compared with that for the Guernseys. 
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Fig. 1 The relation between the carotene in blood plasma and carotene con- 
centration in micrograms in butterfat. The curves are plotted from average butter 
carotene values for each 100 ug. range of blood carotene. 


SUMMARY 

The decrease in milk carotene which follows the administra- 
tion of shark liver oil appears to be caused by the vitamin / 
per se. A concomitant decrease in blood carotene also occurs 
when the milk carotene is lowered. The daily feeding of 
2,100,000 I. U. of vitamin A as compared with 700,000 I. U. 
resulted in a greater decline in milk carotene; however, a 
further increase in dosage to 4,200,000 caused no further 
decline in carotene content of the milk. Approximately 4 weeks 
were required for the maximum lowering in carotene to de- 
velop while 7 to 10 weeks are required after the cessation of 
vitamin A supplement for the return of carotene secretion 
to normal. 

The administration of vitamin A supplements is followed 
by an increase in vitamin A level of the butter in the Holsteins 
similar to that noted earlier with the Guernseys. The average 
increase in level of vitamin A was constant at approximately 
47 units per gram butterfat for 1,000,000 units fed between 
an intake of 700,000 and 4,200,000 I. U. The maximum level 
of vitamin A noted was 331 I. U. per gram. The efficiency in 
secretion of ingested vitamin A is about 3%. 
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A proportionality exists between the levels of carotene in 
the blood and in the milk. Although the slopes of the curves 
for the Guernseys and the Holsteins are similar, that for the 
latter breed lies at a much lower level. 
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Honey is nectar of flowers brought by the worker bees to 
their hives and modified during the process of storing and 
ripening. Actually it is a plant product. Because the chief 
sources of vitamins for the animal world are plants, it is only 
natural that researches on the vitamin content of honeys were 
undertaken. Only the literature of the past 12 years is re- 
viewed. Kifer and Munsell (’29) used white clover, buck- 
wheat and honey-comb honey in their experiments and 
concluded that these three samples of honey produced in 
widely separated localities and representing extremes of color 
variation did not contain any detectable amount of either 
vitamins A, B, C or D. Vitamin B in this work refers to 
thiamine. Hoyle (’29) came to the same conclusion. Taylor 
and Nelson (’29), on the basis of their experiments, concluded 
that honey cannot serve as a source of vitamin E. Mathur 
(’30) found that honey contains no vitamins and even hastens 
the onset of polyneuritis in pigeons. Trautmann and Kirchhoff 
(’32), after a thorough investigation, concluded that the quan- 
tity of vitamin in honey is too minute to be discovered by the 
animal feeding experiments. Markuze (’35), employing bio- 
assays, reported that two samples of honeys showed the pres- 
ence of vitamin B.. Vitamins A, B,, C, and D were not found. 

* Paper no. 1963 Scientific Journal Series, Minnesota Agricultural Experiment 
Station, St. Paul. 

*The completion of this work was made possible through the research grant 
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Recently chemical determinations of vitamin C in honey 
have been made. Griebel (’38) reported 1.6-2.8 mg. ascorbic 
acid per gram of mint honey and 0.07-0.22 mg. per gram of 
some other samples. A biological assay on the mint honey 
(conducted by Scheunert at the request of Griebel) showed 
that 1 gm. a day completely protected some guinea pigs from 
scurvy. Kask (’38) demonstrated the presence of ascorbic 
acid in Esthonian honeys, the amount being from 0 to 20 
(average 4.88) mg. per 100 gm. He also reported that the 
ascorbic acid content of honey decreases with age but that 
honey is a relatively stable medium for vitamin C. Werder 
and Antener (’38) determined the ascorbic acid content of 
nineteen samples of honey. The variation was from 1.1 to 
14.6mg. per 100gm. Becker and Kardos (’39), employing 
microchemical methods, found from 31 to 89mg. of ascorbic 
acid per 100 gm. of Castanea sativa honeys. On the basis of 
their animal tests, they concluded that the reducing component 
of honey is not vitamin C. However, Griebel and Hess (’39) 
proved the identity of the strong reducing substance in thyme 
and mint honeys with ascorbic acid. They reported 311.2 mg. 
and 102.6mg. of this vitamin per 100 gm. of the respective 
honeys. Buckwheat honeys contained from 7.36 to 18.6 mg. 
ascorbic acid per 100 gm. Later (’40) the same authors in- 
vestigated the ascorbic acid content of nectar of the above- 
mentioned plants. A comparison of these data with those 
obtained on the honeys indicates that there is a considerable 
loss of vitamin C when the bees convert nectar into honey. 

The development of the new microchemical and microbio- 
logical methods for the determination of vitamins has enabled 
research workers to determine the presence of even minute 
quantities of these materials in any substance. In view of the 
conflicting reports on the presence of vitamins in honey, we 
decided to investigate various honeys for their contents of 
thiamine, riboflavin, ascorbic acid, pyridoxine, pantothenic 
acid and nicotinic acid. 
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PROCEDURE 


The honeys were obtained from beekeepers in various 
regions of Minnesota and from other localities of the United 
States. Samples of foreign honeys present in the University 
of Minnesota collection were also investigated for their vita- 
min content. 

The methods used were: For thiamine, that of Hennessy 
and Cerecedo (’39); for riboflavin, that of Snell and Strong 
(’39); for ascorbie acid, Bessey (’38); for pyridoxine, Seudi 
(’41) ; pantothenic acid, Strong, Feeney and Earle (’41); and 
for nicotinic acid, the method of Melnick and Field (740). 

Where there was any question whether the method reveals 
the total content of any of these vitamins in honey, recovery 
of added vitamin was studied and found satisfactory. The 
most extensive study of this point was made for nicotinic acid. 
Each of five different samples of honey showing a range of 
nicotinic acid content from 12.8 to 52.0 mg. per cent was forti- 
fied with graded amounts of nicotinic acid, varying from 5 to 
30 mg. per 100 gm. The recoveries ranged from 85% to 108.7% 
with a mean of 97.1%. 

RESULTS 


Table 1 gives a statistical analysis of the vitamin content 
found in twenty-nine samples of honeys from different local- 
ities of Minnesota. The main sources of these honeys were 
probably sweet and white clovers. Of course, there was more 
or less admixture of some other nectars typical for the state, 
such as basswood, black locust, mint, and fireweed, depend- 
ing on the locality. To what extent they have influenced the 
vitamin content of the honeys cannot be estimated because the 
exact nectar composition of honeys was not known. From 
table 1 it is evident that the greatest variability was in the 
nicotinie acid content of the honeys investigated, with the 
ascorbie acid content following closely. The least variation 
was in the pyridoxine content of these honeys, riboflavin and 
thiamine being next. 
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Table 2 gives the vitamin content of thirty-one honeys from 
different regions of the United States and of seven honey 
samples from foreign countries. It is evident that there is a 
tremendous variation in the vitamin content of honeys from 
different sources and different regions. It is impossible to 
say whether these data are typical for the state and the source, 
because only one sample from each locality was investigated. 
However, the data in table 1 show that large variations may 
be expected even among samples having approximately the 
same nectar composition. 


TABLE 1 


Vitamin content of Minnesota honeys (per 100 gm.). 


VITAMIN MEAN S. D. c. Vv. 
ug. a ug. % 
Thiamine 5.5 + .250 1.998 36.3 
Riboflavin 61.0 + 2.47 19.752 32.4 
Pyridoxine 299.0 + 11.457 91.471 30.6 
Pantothenic acid 105.0 + 5.54 44,227 42.12 
mad. mg. 
Aseorbie acid 9.4 + .155 1.237 51.5 
Nicotinie acid 360-3486. 27-884 F733 
©.328 +o.0498 O.274 BY. 


Foreign honeys, as well as the honeys of the United States, 
show wide variations in their vitamin content. This is not 
surprising when one takes into account the difference in origin 
of those honeys and the different conditions under which the 
honey plants were growing. In no case, however, was the 
ascorbic acid content of the foreign honeys as high as has been 
reported by several European investigators. The question of 
whether the geological or climatic differences played any role 
in the variability of the vitamin content of these honeys re- 
mains to be answered after a thorough study of the samples 
from the same sources but collected in different regions. 

All the natural honeys contain a certain amount of pollen 
grains and the type of honey can be determined by identifying 
the pollen (Armbruster, 84). Normal honeys have a some- 


what cloudy appearance. Some beekeepers, desiring to in- 













































VITAMIN 


CONTENT OF 


TABLE 2 


HONEYS 


Vitamin content of territorial United States and forcign honeys (per 100 gm.). 


ORIGIN 


U.S.A. 
Washington 
Washington 
Washington 
Washington 
Orevon 
Oregon 
Oregon 
Oregon 
California 

(1941) 
California 

(1941) 
California 
California 
California 
California 
Texas 
Texas 
Long Island 
Florida 
Florida 
New York 

(1936) 
Tennessee 
Tennessee 
Hawaii 
Idaho 
Montana 
Montana 
Minnesota 
Minnesota 
Minnesota 
Minnesota 
Minnesota 

Foreign 
Greece 
France 
Czechia 


Azores 
Haiti 
Cuba 
Guatemala 





NECTAR 
SOURCE 


mixed 


clover and alfalfa 


black locust 
fireweed 


locust 


alfalfa-sweet clover 


fireweed 
wild-buckwheat 


star thistle 


orange 
orange 

sage 

star thistle 
manzanita 
cotton 

rattan 

mixed 

tupelo (1934) 
tupelo (1940) 


buckwheat 
poplar 
crimson clover 
algaroba 
dandelion 
clover 
milkwort 
mellon 

mixed (1934) 
mixed 

mixed (1940) 
mixed (1941) 


unknown 
lavender 
linden 
unknown 
logwood 
campanilla 
coffee plant 


THIA- 


MINE 


Mg. 


RIBO- 
FLAVIN 


73 
67 
68 
81 
35 
36 
62 


56 


47 
145 
62 
81 
65 


58 


mg. 
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ASCORBIC 
ACID 


Caeaawan © 


rb or or @ 


PYRI- 
DOXINE 


ag. 


300 


907 


ee 

233 
397 
260 
430 
260 


250 


410 


210 
310 
320 
420 
280 
350 
440 
240 
260 


250 


250 
240 
400 
250 
267 
416 
250 
400 
480 
260 
470 
310 


460 
410 
240 
250 
280 
420 
250 


PANTO- 
THENIC 
AOID 


Mg. 


87 
96 
100 
56 
103 
175 
87 
180 


90 


150 
63 


56 


103 
190 
155 

25 


118 


50 
192 
141 


156 
31 
25 


103 


58 
112 
56 
150 
50 


60 


NICO- 
TINIC 
AOID 


mg. 


78 
24 
47 
13 

4 
92 
84 
16 


1) 


16 
13 


24 


17 
23 
26 
24 
44 


13 
14 
56 
32 
11 
18 
17 


86 
23 
16 
11 


67 
94 


085 
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crease the attractiveness of honey, have sought a method for 
its clarification. Such a method has been devised by Lothrop 
and Paine (’34). It consists of a thorough mixing of a small 
amount of rapidly filtering diatomaceous earth with the honey, 
heating to 140—-160° F., and filtering. Paine and Lothrop (’36) 
reported that such honey is free from turbidity, has a brilliant 
appearance, and retains all of the natural components of 
honey, such as minerals, enzymes and flavoring substances. 

Through the courtesy of Mr. G. P. Walton of the United 
States Department of Agriculture, we obtained a sample of 
honey which had been clarified by this process, together with 
a sample of the original, untreated honey. A study of these 
samples showed that the processing markedly reduced the 
vitamin contents of the honey, amounting to from one-third 
to almost one-half of the original values: thiamine decreasing 
from 8.4 to 5.4ug.; riboflavin from 93 to 64; pyridoxine 
from 402 to 316; pantothenic acid from 176 to 97; ascorbic 
acid from 2.7 to 1.9mg., and nicotinic acid from 87 to 46 mg. 
per 100 gm. of honey. Haydak and Palmer (’42) have found 
that bee bread (pollen stored by bees in combs) contains all 
the vitamins which have been shown to be present in honey. 
Therefore, the reduced vitamin content of the processed 
sample is no doubt partially due to the removal of the pollen. 
Moreover, some of the vitamins actually dissolved in the honey 
probably were adsorbed by the diatomaceous earth, decreasing 
the amount of vitamins still further. Therefore, the clarifica- 
tion, although it increases the attractiveness of honey, tends 
to reduce its food value and should be avoided. The study of 
the clarified honey also suggests that some of the variations 
in the vitamin content of different samples of honeys may be, 
at least in part, due to the variable amount of pollen present 
in honey. 


SUMMARY AND CONCLUSIONS 


Microchemical and microbiological determinations showed 
the presence in honey of thiamine, riboflavin, ascorbic acid, 
pyridoxine, pantothenic acid, and nicotinic acid. The amount 
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is extremely variable, depending probably on the source of 
honey and the number of pollen grains present in the product. 
The most pronounced variation found was in the nicotinic 
and ascorbic acid content. 

Clarifying with diatomaceous earth diminishes the vitamin 
content of honey and therefore should be avoided. 

Tables are presented showing a statistical study of the vita- 
min content of twenty-nine samples of Minnesota honeys, and 
the vitamin content of thirty-one individual samples of honey 
from various regions of territorial United States as well as 
seven samples of foreign honey. 
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The disease of cattle known in veterinary practice as the 
‘‘sweet clover disease’’ arises from the ingestion of im- 
properly cured sweet clover hay or silage (Schofield, ’24). 
The syndrome is characterized by a hypoprothrombinemia 
resulting in a diminished clotting power of the blood, and the 
appearance of spontaneous hemorrhages (Roderick and 
Schalk, ’31). Campbell and Link (’41) isolated the causative 
agent, and Stahmann, Huebner and Link (’41) showed it to 
be the dicoumarin 3,3’-methylenebis (4-hydroxycoumarin). 
After the hemorrhagic anticoagulant? became available 

* Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. Cooperative studies with the Division of Forage Crops and 
Diseases, U. S. D. A., Washington, D. C., through Dr. E. A. Hollowell. Personnel 
and supply assistance since July 1, 1938, in part through the Natural Science 
Research Project No. 65-1-53-2349 of the Federal Works Progress Administration 
(Madison), and since July 1, 1940, through special grants from the Graduate 
Research Committee of the University. 

* The term ‘‘anticoagulant’’ is used in the general sense, that 3,3’-methylenebis 
(4-hydroxycoumarin) is an agent, which after action in vivo, impairs or prevents 
the coagulation of blood. It does not affect the clotting power when added to 
either blood or plasma in vitro (Campbell et al., ’41, p. 12; Campbell and Link, 
41, p. 36). 
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synthetically, its action could be studied in other species of 
animals, and characteristic hypoprothrombinemias were in- 
duced in rabbits, rats, guinea pigs, dogs (Overman et al., 
42) and man (Bingham et al., ’41; Butt et al., ’41). In the 
rabbit it was observed that the extent of the response to the 
anticoagulant varied between fasted and fed animals. How- 
ever, in view of the better status of our knowledge of the 
nutritional requirements of the rat, the latter species was 
selected for the present study. 


METHODS 

Tt , -. a , . , . . > . : ba ‘ . hd ‘ 
['wo hundred sixty rats were used in these investigations. 
They were adults of both sexes, 4 to 14 months of age, 
either from our departmental colony or from the Sprague- 
Dawley Company. They were fed either of two basal rations, 
a stock ration or an artificial ration low in vitamin K (table 1). 


TABLE 1 
Composition of basal rations. 











STOCK RATION ARTIFICIAL RATION 
Corn 40 Casein 18 
Soybean meal 10 Yeast 8 
Linseed oil meal 15 Salts (Wesson) 4 
Alfalfa leaf meal 3 Cod liver oil 2 
NaCl (iodized) 1 Dextrin 68 
Ca,(PO,), 1 
Skim milk powder 20 
Butterfat 10 


Both rations are adequate for the growth and maintenance of 
rats. 

The anticoagulant, 3,3’-methylenebis (4-hydroxycoumarin) 
was either incorporated into the basal ration and the mixture 
fed ad libitum, or the desired amount was added to the daily 
allotment of food. For convenience in routine feeding, the 
anticoagulant was ‘‘diluted’’ with cooked corn starch plus 
enough cottonseed oil (2% ) to keep the mixture homogeneous. 

The effect of 3,5’-methylenebis (4-hydroxyeoumarin) on 
the clotting time of plasma was determined as follows: the 
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animals were fasted for 12 hours and then given the desired 
amount of the anticoagulant incorporated in 2 gm. of corn 
starch and oil. This was usually eaten within 15 minutes; no 
experiment was continued unless the entire supplement was 
consumed within an hour. Any scattered food was caught 
on papers placed under the cage, and the material returned 
to the food cup. Four hours after the consumption of the 
supplement the original basal ration was fed ad libitum. 

Blood samples were taken at specific intervals after the 
administration of the anticoagulant. One and eight-tenths 
milliliter of blood was withdrawn by heart puncture under 
light ether anesthesia into a syringe containing 0.2 ml. of 
0.1 M sodium oxalate. A recovery time of at least a week was 
allowed between determinations, and a rat was used as often 
as twenty times, thus permitting comparisons of the various 
factors under investigation upon the same animal. 

The prothrombin time of the diluted plasma was determined 
by the procedure developed for the assay of hemorrhagic con- 
centrates (Campbell et al., ’41). Oxalated plasma was diluted 
with seven volumes of saline solution, and an aliquot added 
to a mixture of calcium chloride, saline solution, and thrombo- 
plastin from rabbit brain * under rigidly standardized con- 
ditions (Campbell et al., ’41). All measurements were made 
by the same operator. 

The prothrombin content of 12.5% plasma from normal rats 
was regarded as 100% of normal. The further dilution of such 
12.5% plasma with saline solution and the determination of 
clotting times yielded a dilution curve in which the region of 
maximum shift in clotting time was the range 55-120 seconds. 
This corresponded to a concentration range of 85-20% of 
prothrombin.* Accordingly the doses of anticoagulant fed to 


*Thromboplastin from rabbit brain functioned as well with rat plasma as a 
thromboplastin preparation from rat brain. Since the preparation from rabbit 
brain was available in greater quantities, it was used routinely. 

*Since the absolute values (per cent prothrsmbin) vary according to the 
arbitrary concentration of plasma from whi-!: further dilutions are made 
(Overman et al., °42), our present results are expressed as clotting times 
of 12.5% plasma. 
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our rats were so chosen that the prothrombin times of the 
plasmas fell within this range. 


EXPERIMENTAL 


The response of rats to the continued administration of 
3,3’-methylenebis (4-hydroxycoumarin). In general the re- 
sponse of rats to the continued administration of the anti- 
coagulant was very similar to that reported for the rabbit, 
cow, or guinea pig (Schofield, ’24; Roderick and Schalk, ’51; 
Quick, °37) after the ingestion of spoiled sweet clover hay. 
The blood failed to clot and spontaneous hemorrhages ap- 
peared. These literally could be found in any part of the 
body with an adequate blood supply, and bleeding was either 
external or internal. In some animals large pools of blood 
accumulated in the subeutaneous regions or the abdominal 
or pulmonary cavities. In others, smaller and more numerous 
hemorrhages were found. Hemorrhage into the spinal canal 
was observed most frequently, and in older animals numerous 
clots formed in the skin. A small percentage of the animals 
showed diffuse hemorrhages in the thymus, the testes, or in 
restricted muscular areas, suggesting capillary weakness. 
Even in the absence of visible hemorrhage after continued 
administration, the animals looked ill, food intake and activity 
decreased, the hair became rough, and the animals felt cold 
to the touch. Some individuals developed a paralysis of the 
hind legs. The time of survival depended upon the dose. 
When 2 mg. of 3,3’-methylenebis (4-hydroxycoumarin) was 
added daily to the artificial ration, the animals died in an 
average of 14 days; when 1.5 mg. was given daily, survival 
averaged 29 days. 

The specific detectable change induced in the blood by the 
anticoagulant was a marked reduction in prothrombin ac- 
tivity. However, neither the percentage of hemoglobin, the 
volume of red and white cells (hematocrit), nor the color of 
the plasma was altered except when severe hemorrhages had 
been proceeding for some time. 
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The effect of single doses of 3,3’-methylenebis (4-hydroxy- 
coumarin) on clotting time. Plasma from rats fed the two 
basal diets was relatively uniform in its prothrombin activity ; 
the 12.5% solutions clotted in 39 seconds, and 91% of 115 
samples fell within the range 36-45 seconds. When 2.5 mg. of 
3,3’-methylenebis (4-hydroxycoumarin) was given to rats on 
the artificial ration, the clotting time increased to 111 seconds, 
range 89-143. In a population of 400 rats fed the substance 
to date, all without exception developed a hypoprothrombin- 
emia. An increase in the clotting time of the plasma could 
sometimes be detected 6 hours after the administration of the 
anticoagulant; it could be detected regularly after 8 hours, 
and the clotting time then increased until a maximum was 
reached 24 hours after the ingestion of the anticoagulant 
(fig. 1). The rate of recovery was roughly equivalent to the 
rate at which the hypoprothrombinemia developed originally. 
The extent and duration of the hypoprothrombinemia de- 
pended upon the amount of 3,3’-methylenebis (4-hydroxy- 
coumarin) administered. When 1 mg. of the substance was 
fed, only a slight and occasional increase in clotting time 
resulted; when 5 mg. was fed, the plasma clotted so slowly 
that the significant range of measurement was exceeded (fig. 
1). The response to the anticoagulant did not vary with re- 
peated administration provided a recovery time of 1 week 
was allowed between doses. 

Modifying effect of basal diet. Standard doses (2.5 mg.) 
of 3,3’-methylenebis (4-hydroxycoumarin) were given to rats 
fed either the artificial or the stock rations, and blood samples 
were taken in the usual manner 24 hours later. Other dietary 
additions were 30% of fat, 0.3% of choline, or the two to- 
gether. While none of the diets altered the clotting time of 
the plasma in the absence of the anticoagulant, marked dif- 
ferences due to diet appeared in the degree of hypopro- 
thrombinemia induced by 2.5 mg. of the substance. The 12.5% 
solutions of plasma from forty-four rats fed the anticoagulant 
plus the artificial ration clotted in 111 seconds, range 89 to 
143; similar specimens of plasma from twenty-four rats fed 
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the anticoagulant plus the stock ration clotted in 58 seconds, 
range 40 to 82 (table 2). When animals were shifted from 
one diet to another, the effect of the previous diet usually 
did not hold over longer than 4 days, and it vanished in 7 days 
in 95% of the cases. 

The additions of fat or choline to the basal diets did not 
materially alter the degree of hypoprothrombinemia induced 
by the anticoagulant (table 2) and only served to emphasize 
the much greater importance of the basal constituents of either 
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TIME IN HOURS AFTER FEEDING 
Fig.1 The effect of 3,3’-methylenebis (4-hydroxycoumarin) on the pro- 
thrombin time of 12.5% rat plasma. 
Each point represents the average of determinations on at least three animals. 
Some typical variations are as follows: 2.5 mg. of anticoagulant, 12 hours, 


average prothrombin time = 75 seconds (62-111) 22 determinations; 2.5 mg., 
24 hours, prothrombin time 111 seconds (89-143) 44 determinations; 2.5 mg., 
36 hours prothrombin time = 82 seconds (65-105) 6 determinations; 2.5 mg., 


48 hours, prothrombin time = 50 seconds (37-64) 6 determinations. 
At this latter time, 48 hours, three of six animals showed a complete return to 


normal prothrombin time. 
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the stock or the artificial ration. However, the absorption of 
the anticoagulant from the digestive tract may have been 
retarded in the presence of large amounts of fat; a lesser 
degree of hypoprothrombinemia resulted after 24 hours than 
when the artificial diet was fed, and the rate of recovery from 


TABLE 2 
The effect of diet on the prothrombin time of 12.5% plasma from rats fed 2.5 mg. 
of 3,3’-methylenebis (4-hydroxycoumarin). 








CLOTTING TIME IN SECONDS 








NO. OF ANTI- — 

DIET DETERMI- | COAGULANT ila 
RATIONS vED | Range | Average over 

normal 

Artificial or stock 115 — 36-45 39 — 
Artificial 4d ~ 89-143 111 72 
Artificial + fat 23 + 64-200 99 60 
Artificial + choline 5 + | 110-168} 135 96 
Artificial + fat + choline 21 — | 70-240 127 88 
Stock 24 _ | 40-82 58 19 
Stock + fat 7 a 45-66 58 19 
Stock + choline 5 + 53-63 | 59 20 
Stock + fat + choline 6 | 48-90 62 23 
Potato diet 5 a 56-153 108 69 
Low fat diet 4 + | 83-117 97 58 
Condensed milk? 22 oe | 79-132 101 62 
Evaporated milk * 1 | + | 51-82 70 31 
Stock ration minus butter fat | 6 + | 44-94 67 28 
Artificial + 20% fish meal 3 + 44-84 65 26 





? Borden’s Eagle brand. 
* Pet milk brand. 


the condition was delayed appreciably. The anticoagulant 
induced a severe hypoprothrombinemia on several labora- 
tory diets such as condensed milk, a low fat diet * and a potato 
diet (Quackenbush, Platz and Steenbock, 39). 

Vitamin K. The artificial ration was substantially devoid 
of vitamin K whereas the stock ration contained the vitamin 
as a component of alfalfa. Accordingly the artificial ration 
was supplemented with 3% of alfalfa, with the petroleum 


* Quackenbush, F. W., Kummerow, F. A., and Steenbock, H., unpublished. 
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ether extract of alfalfa equivalent to 3 or 20%, with the 
residue after extraction equivalent to 50%, or with an ir- 
radiated extract of alfalfa (10 hours to winter sunlight at 

5 to —15°C.) equivalent to 20%. These diets were fed for 
periods of 3-10 days prior to the administration of the anti- 
coagulant. The petroleum ether extract of alfalfa, as well 
as alfalfa itself, counteracted the prothrombin-depleting ac- 
tion of the anticoagulant, and this counter effect could be 
reduced by the irradiation of the extract. Fish meal as 20% 
of the diet likewise counteracted the anticoagulant (table 2). 
These observations were all consistent with the assumption 
that the active agent in these materials was vitamin K. 

Large amounts of the vitamin, 2-methy] 1,4-naphthoquinone, 
were administered to rats either (a) incorporated into the 
artificial ration for 3 or for 7 days before the administration 
of the anticoagulant; (b) mixed with the supplement contain- 
ing the anticoagulant; or (c) fed as late as 12 hours after the 
ingestion of the anticoagulant, ie., after a reduction in the 
prothrombin activity of the plasma was already reflected by 
an appreciable increase in clotting time. The standard dose 
of 3,3’-methylenebis (4-hydroxycoumarin) fed was 2.5 mg. 
and blood samples were taken in the usual manner 24 hours 
later. The various dosages of vitamin K are indicated in 
table 3. 

Vitamin K markedly decreased the extent and duration of 
the hypoprothrombinemia induced by the anticoagulant. The 
quantitative effects, however, varied with the mode of ad- 
ministration. Thus 0.2 mg. of 2-methyl 1,4-naphthoquinone 
fed daily for 3 or 7 days prior to the anticoagulant (total 
dose of vitamin = 0.6—1.4 mg.) was more effective than 2.5 mg. 
of vitamin fed with the anticoagulant. Partial protection 
against 3,3’-methvlenebis (4-hydroxycoumarin) (clotting time 

55-75 seconds) was readily achieved by ‘‘moderate’’ 
amounts of the vitamin given in various ways (table 3). Com- 
plete protection (clotting time = 36-45 seconds) was achieved 
only when an enormous dose, 25 mg., of the vitamin was given. 
Even in the presence of these large doses, however, a transient 
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increase in clotting time was observed 12 hours after the 
administration of the anticoagulant, though recovery was com- 
plete in 24 hours. When lesser amounts of vitamin K were 
given, the clotting time, 12 hours after ingestion of the anti- 
coagulant, was essentially the same as when no vitamin was 
given. However, during the second 12 hours, no increase in 


TABLE 3 


The effect of 2-methyl 1,4-naphthoquinone on the hypoprothrombinemia induced 


by feeding 3,3’-methylenebis (4-hydroxycoumarin). 





| CLOTTING TIME OF 12.5% PLASMA 


AMOUNTS OF VITAMIN K Si ; i ee ; | aT ea we. - 
AND HOW GIVEN } Artificial Artificial Grain — 
es diet diet 
vitamin K | 
7 seconds seconds | seconds | oT. 
Daily 
0.1 mg./day for 7 days 125 (114-136) 135 | 68 2 
0.2 mg./day for 7 days 72 ( 69- 77) 121 45 3 
0.5 mg./day for 7 days 77 ( 77- 77) 124 | 42 2 
0.8 mg./day for 7 days 58 ( 53- 64) 115 | 58 4 
0.2 mg./day for 3 days 61 ( 50- 71) 100 58 2 
0.5 mg./day for 3 days 56 ( 50- 61) 126 | 60 4 
8.0 mg./day for 3 days 54 ( 50- 64) 111 44 4 
| 
Singly | 
1.5 mg. given with anticoagulant 127 (125-132) 123 62 3 
2.5 mg. given with anticoagulant) 86 ( 52-111) 114 SO 50 6 
25.0 mg. given with anticoagulant 40 ( 37- 44) 111 | 55 5 
Singly 
2.5 mg. given 12 hours after 
anticoagulant 73 ( 62- 89) 119 58 5 


5.0 mg. given 12 hours after 
anticoagulant 72 ( 59- 97) 119 59 7 
25.0 mg. given 12 hours after 


anticoagulant 58 ( 54- 62) 125 57 3 


clotting time occurred when vitamin K was present, whereas 
a very definite increase occurred in its absence. This sug- 
gested that the vitamin functioned primarily in stimulating 
recovery from the effects of the anticoagulant, possibly by 
increasing the rate of synthesis or activation of the pro- 
thrombin once the level in the blood had begun to fall. 
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Forms of vitamin K other than 2-methy]! 1,4-naphthoquinone 
likewise counteracted the effects of the anticoagulant. Those 
tested include 2-methyl naphthohydroquinone 1,4 diacetate, 
vitamin K,, and the water-soluble 2-methyl 1,4-naphthohydro- 
quinone 3 sodium sulfonate.*® 

Survival experiments. The modifying effect of diet on the 
physiological potency of the anticoagulant was reflected not 
only in the clotting times of the blood plasma, but also in 
the periods of survival of the animals. In preliminary ex- 
periments 3,3’-methylenebis (4-hydroxycoumarin) was incor- 
porated either into the artificial or the stock ration, and fed 
to rats ad libitum. The consumption of the anticoagulant 
averaged 2 mg. per day. 

The average survival period for the rats on the artificial 
ration was 14 days. The range, 5 to 23 days, was wide, pre- 
sumably because some of the animals failed to eat under the 
prolonged influence of the anticoagulant, and therefore lived 
longer than those which consumed the larger amounts of food 
and thus received more of the anticoagulant. However, only 
one of six rats on the stock diet died of spontaneous hemor- 
rhages. Two others died from the effects of heart punctures 
on the sixtieth and seventy-fifth days, respectively, while the 
remaining three were in good health when the experiment was 
discontinued after 120 days of administration of the anti- 
coagulant. 

Similar results were observed when either 1.5 or 2.0 mg. of 
the anticoagulant was added daily to the artificial ration 
supplemented in various ways (table 4). The survival of the 
animals was not altered appreciably by the presence of either 
0.3% choline, 3% wheat germ oil, or 30% of hydrogenated 
cottonseed oil (series III, table 4), nor by the ingestion of 
30 mg. of ascorbic acid per day (series II, table 4). However, 
when 5 mg. of 2-methyl 1,4-naphthoquinone was fed daily 
to animals receiving 2 mg. of the anticoagulant daily, the 

*We are indebted to Dr. Carl Nielsen of the Abbott Laboratories, North 


Chieago, Illinois, for this preparation. 
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animals survived the experimental period of 60 days. Similar 
animals receiving the anticoagulant but no vitamin K died in 
14 days. 
TABLE 4 
The survival times of rats fed 3,3’-methylenebis (4-hydroxycoumarin) while on 
various basal rations. 





MG. OF ANTI 


_ _ NO. OF “ “ET . SURVIVAL 

SERIES DIET nana COAGULANT or Baan 
I Stok | 6 2.0% 60? 

I Artificial 6 2.0! 14 ( 5-23) 

II Artificial | 2.0% 13 ( 5-27) 

II Artificial + ascorbic acid | 2.01 13 ( 5-25) 


IIt Artificial 
III Artificial + 3% wheat germ oil 


3 
3 
3 29 (16-43) 
3 

III Artificial + 0.3% choline 3 
3 
3 
3 
3 


30 (24-38) 
24 (19-29) 
35 (18-66) 
78 (no deaths) 
14 ( 6-25) 
60 (no deaths) 


eS) | 


III Artificial + 30% fat 
III Stoek 
IV Artificial 
IV Artificial + 5 mg. vitamin K daily 





eo So = ett ot 
anu 


* Ad libitum consumption; estimated intake of anticoagulant. 
? Only one spontaneous death in 60 days. 


DISCUSSION 

In the past, most studies on the physiological action of 
3,3’-methylenebis (4-hydroxycoumarin) have been performed 
on the rabbit. Our present results indicate that the rat also 
readily responds to the compound, although certain differ- 
ences between species are apparent. In the rat the hypopro- 
thrombinemia induced by the anticoagulant is most severe 
after 24 hours, and recovery is usually complete after 48 hours. 
In the rabbit the maximum effect is attained after 48 hours or 
more, depending upon the dose administered (Overman et al., 
42) and recovery may be delayed for as long as 6 days. Rela- 
tively large amounts of anticoagulant are tolerated by the 
rat. A single dose of 2.5 mg. lowers the prothrombin activity 
to 22% of normal in a 250-gm. rat, whereas this dosage pro- 
duces a similar response in a susceptible rabbit weighing 
2500 gm. (Overman et al., 42). Thus on the basis of body 
weight the susceptible rabbit is about ten times as sensitive 
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to the anticoagulant as the rat. Rats respond rather uni- 
formly to the compound, whereas the individual variation 
between rabbits is large. Rabbits classified as resistant do 
not respond to a single oral feeding of 2.5 mg. of 3,3’-methy- 
lenebis (4-hydroxycoumarin), while in the extremely suscepti- 
ble individual the action of 0.36 mg. (oral) is detectable. 

The present experiments clearly indicate the need of the 
rat for vitamin K. Hitherto this has been demonstrated in 
rats with either bile fistulas or ligated bile ducts, but in 
normal rats the absence of the vitamin from the diet has only 
occasionally resulted in hemorrhagic tendencies (Greaves, 
39; Dam and Glavind, ’39). Many diets used routinely in the 
assay for other vitamins do not contain vitamin K, and it has 
been suggested that the organisms of the digestive tract 
furnish enough vitamin for the needs of the rat. However, 
when 3,3’-methylenebis (4-hydroxycoumarin) is ingested, the 
need for vitamin K appears to be increased so greatly that 
uniform responses to large doses of the vitamin are readily 
demonstrated. The mechanism is unknown by which the vita- 
min and the anticoagulant exert opposite effects but micro- 
organisms do not appear to be involved. Both the anti- 
coagulant and the vitamin function when given parenterally. 


SUMMARY 

1. The ingestion of 3,3’-methylenebis (4-hydroxycoumarin) 
induced a hypoprothrombinemia in rats. A single dose of 
2.5 mg. to an adult rat lowered the prothrombin activity to 
22% of normal in 24 hours, when maximum lowering was 
observed. 

2. The maximum effectiveness of the anticoagulant was 
observed on rations low in vitamin K. Factors which counter- 
acted the anticoagulant were present in a grain ration, in 
fish meal and in alfalfa. The factor in alfalfa could be ex- 
tracted with petroleum ether. 


3. Vitamin K counteracted the hypoprothrombinemia in- 
duced by the anticoagulant, whether given before the anti- 
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coagulant, with it, or 12 hours later. All forms of the vitamin 
studied were active: 2-methyl 1,4-naphthoquinone, 2-methy] 
1,4-naphthohydroquinone diacetate, vitamin K, and the water- 
soluble 2-methy! 1,4-naphthohydroquinone 3 sodium sulfonate. 

4. The continued administration of the anticoagulant re- 
sulted in severe spontaneous hemorrhages which caused the 
death of the animals. Their survival times could be prolonged 
by the ingestion of vitamin K but not by such dietary supple- 
ments as choline, ascorbic acid, wheat germ oil, hydrogenated 
fat, or condensed milk. 
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THE RELATION OF THE SULPHUR AMINO ACIDS 
TO THE TOXICITY OF COBALT AND NICKEL 
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Possible interrelationships of cobalt, cysteine and choline 
are suggested by the observations of a number of investiga- 
tors. Davis (’39) noted that choline prevents cobalt poly- 
cythemia in dogs; Michaelis and co-workers (Michaelis, ’29; 
Michaelis and Barron, ’29; Michaelis and Yamaguchi, ’29; 
Michaelis and Schubert, ’30; and Schubert, ’31, ’33) studied 
the formation and structure of complexes of cysteine with 
cobalt and nickel; and, Beeston and Channon (736) and Mul- 
ford and Griffith (’42) have investigated the relation of choline 
to cystine. In view of the above findings a study was made of 
the utilization of sulphur amino acids in diets containing 
either added cobalt or nickel, with and without supplements 
of choline. The data reported in this paper clearly indicate 
the importance of the cobalt-cysteine relationship in rats be- 
~ause the injurious character of cobalt-containing food mix- 
tures is readily decreased by administrations of either 
methionine, cystine, or cysteine, especially the latter. No evi- 
dence was found of the participation of choline in this 
mechanism. The concept that cysteine may act as a detoxi- 
‘ating agent for metals such as cobalt has not been reported 
previously as far as we have been able to determine, although 
Launoy (’34) found that cysteine is used in the detoxication 
of antimony, and Shinohara (’35) suggested the formation 
of a thiol complex in the detoxication of mercury. 
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EXPERIMENTAL 


Young male rats, 20 to 26 days of age and 38 to 42 gm. in 
weight were used in all of the experiments. Diets were fed 
ad libitum and food consumption was measured, but these data 
are not included in this paper. The basal diets contained 
purified casein 12 to 30%, sucrose 37 to 55, lard 19, dried 
brewer’s yeast ' 6, agar 2, fortified fish liver oil 1, salt mix- 
ture 4 (Hawk and Oser, ’31) and calcium carbonate 1%. 
Supplements of choline, sulphur amino acids and metallic salts 
either were added to the basal diets or administered separately 
as noted in the tables. Solutions to be injected were made as 
nearly isotonic as was possible. Animals on the stock diet 
were used in the acute toxicity experiments and were fasted 
for 4 hours before oral administration of supplements. 

The effect of supplementary cystine and choline on the 
toxicity of cobalt and other metals. Groups 7, 13 and 19 
(table 1) show the effect of 0.12% of CoSO,-7H.O on the 
rate of growth of rats on diets containing 12, 18 and 30% of 
casein. The greater protection on the higher protein diets 
was probably due to the increased level of sulphur amino acids 
because the effect of the cobalt was partially neutralized by a 
supplement of 0.5% of cystine (groups 9, 15 and 20). Groups 
17, 14 and 16 demonstrate the effect on growth of increasing 
the cobalt concentration in the same basal diet. Groups 8, 9 
and 10 illustrate the failure of choline to affect the toxicity 
of cobalt. In these experiments the injurious level of cobalt 
was approximately that reported by Stare and Elvehjem (’33), 
Josland (’36) and Josland and MeNaught (’38). The data 
in table 1 show without question the efficacy of the cystine 
supplement although group 21 was the only group which grew 
normally on a diet containing cobalt. As will be shown later, 
cystine is very much less active than cysteine in the prevention 
of cobalt toxicity. 

Table 2 shows the results of feeding diets containing equiv- 
alent amounts of cobalt, nickel, zinc, manganese, iron and 
copper. Of these elements only cobalt and copper showed evi- 


’ Anheuser-Busch, Strain G. 
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dence of marked toxicity which was partially prevented by 
cystine. The poor growth on the diets containing copper may 
have been due in part to loss of cystine as the insoluble 
cuprous-cysteine complex but apparently there was loss of 


TABLE 1 


The effect of supplementary cystine and choline chloride on the rate of growth 
of 40-gm. male rats on diets containing tozic levels of cobalt. 





SUPPLEMENT | AVERAGE TOTAL GAIN IN WEIGHT 




















GROUP ' DIETARY —_ ——— =" 
weer Cobalt * Cystine biter | ons én | iam p.2 
ort % oO ;) a % | an 4 ==. | ea , 

1 12 0 0 0.05 | 12 34 | 69 | 112 
2 12 0 0 0.30 | 12 37 | 76 | 199 
3 2 0 0.5 0.05 | 15 44 | 90 | 140 
4 2 0 0.5 0.30 | 13 39 97 146 
5 12 0 0.5 1.00 | 12 43 89 | 140 

6 12 0.12 0 0.05 | —5 al 
7 12 0.12 0 0.30 | —5 aie ~ ¥Y 
S 12 0.12 0.5 0.05 12 35 68 92 
9 12 0.12 0.5 0.30 | 11 33 70 | 92 
10 12 0.12 0.5 1.00 10 | 26 50 | 75 
11 18 0 0 0.3 17 2 84 se 
12 18 0 0.3 0.3 16 51 | 97 152 
13 18 0.12 0 0.3 | O 7 |} @ sa 
14 18 0.12 0.3 0.3 11 24 35 40 
15 18 0.12 0.5 0.3 12 ms 1.7 103 
16 13 0.24 0.3 0.3 0 23 ey ee 
17 18 0.06 | 03 0.3 13 40 | 75 | 113 
18 18 0.06 1.0 0.3 19 58 | 98 | 135 

19 30 0.12 0 0.3 5 235 | 26 | 
20 30 0.12 0.5 0.3 | 15 46 83 | eee 
21 30 0.06 0.5 0.3 12 50 97 | 142 





*Six rats per group. 


* Expressed as per cent of cobaltous sulphate (CoSO, - 7H,O). 


other nutritive value because these food mixtures deteriorated 
rapidly on standing. This was also true if cuprous copper 
was used (unpublished experiments). Deterioration of the 
cobalt-containing food mixtures was not observed. The stimu- 
lation of growth resulting from a supplement of cystine in the 
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cystine-deficient 18% casein diet (Mulford and Griffith, ’42) 
is also illustrated by the data in table 2. 

The effect of supplementary methionine and cysteine on the 
toxicity of cobalt and the effect of intraperitoneal injections of 
the cobalt-cysteine (1: 3) complex. Table 3 shows the compara- 
tive effects of cystine, cysteine and methionine on cobalt 
poisoning. Cysteine (groups 3 and 4) was more than twice as 


TABLE 2 
The effect of supplementary cystine on the rate of growth of 40-gm. male rats 
on diets* containing either added cobalt, nickel, zinc, manganese, 
iron or copper during a 30-day period. 





ons) 

- . Zz a e ws z wee 
: = gi gee | 5 = gi gz 
z 52 ab = 2 Sm 66 Ses 
% gm % gm. 

1 0.12% CoSO,-7H,O 0 10 10 0.06% MnSO, (anhyd.) 0 95 
2 0.12% CoSO,-7H,O 0.3 35 11 0.06% MnSO, (anhyd.) 0.3 107 
3 0.12% CoSO,-7H,O 0.5 71 12 0.06% MnSO, (anhyd.) 0.5 107 
4 0.11% NiSO,-6H,O0 0 78 13. 0.11% Fe,(SO,),+Aq. 0 84 
5 0.11% NiSO,-6H,O 0.3 103 14 0.11% Fe,(SO,),+Aq. 0.3 100 
6 0.11% NiSO,-6H,O 0.5 97 15 0.11% Fe,(SO,),+Aq. 0.5 109 
7 0.12% ZnSO,-7H,O 0 90 16 0.11% CuSO, - 5H,0 0 30 
8 0.12% ZnSO,-7H,.O 0.3 106 17. 0.11% CuSO, - 5H,O 0.3 57 
9 0.12% ZuS8O,-7H,O 0.5 113 18 0.11% CuSO, - 5H,O 0.5 72 


*Six rats per group. 


* Approximately equivalent concentrations. 


effective as cystine (group 2) or methionine (groups 6, 7 and 
8). Group 5 shows the growth response following the oral 
administration of cysteine to rats after 20 days on the growth- 
inhibiting cobalt diet. The complex of cobalt and cysteine, 
while unquestionably less toxic than the cobalt alone, may in 
itself retain some toxicity. Lethal quantities of cobalt were 
injected intraperitoneally as the cobalt-cysteine complex (1: 3) 
with partial inhibition of growth as the only apparent effect 
(groups 9 and 10). In these groups it was not evident whether 
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the inhibition of growth was due to the complex itself or 
whether some dissociation of the complex in the body liberated 
the much more toxic cobalt. The beneficial effect of supple- 
ments of cystine in the diets of rats receiving injections of the 
complex supported the latter suggestion (groups 11 and 12). 


TABLE 3 


The effect of the administration of cobalt with either cystine, cysteine 
or methionine on the rate of growth of 40-gm. male rats on 
diets containg 18% casein + 0.38% choline chloride. 





AVERAGE TOTAL 
GAIN IN WEIGHT 


GROEP ! SUPPLEMENT amen P P-- ———— 
20 30 
days days 
—_ 7 a is % r % i gm. - om. 
1 0 0.3 70 97 
2 0.12 0.3 30 35 
3 0.39% eysteine hydrochloride 0.12 0 61 87 
4 0.195% eysteine hydrochloride 0.12 0 41 58 
5 20 mg. cysteine hydrochloride per 
os daily after 20th day 0.12 0 —4 17 
6 | 0.31% dl-methionine 0.12 0 30 
7 0.62% dl-methionine 0.12 0 44 
s 1.24% dl-methionine 0.12 6 51 
9* | 6.5 mg. CoSO,-7H,O as cobalt- 
cysteine complex 0 0 60 83 
10° 19.5 mg. CoSO, - 7H,O as cobalt- 
cysteine complex 0 0 26 45 
s* 6.5 mg. CoSO, - 7H,O as cobalt- 
cysteine complex 0 0.5 75 103 
12° 19.5 mg. CoSO, - 7H,O as cobalt 
cysteine complex 0 | 0.5 46 67 


*Six rats per group. 

* Expressed as per cent of cobaltous sulphate (CoSO, - 7H,O). 

* Daily intraperitoneal injection of 1 or 3cc. of a brown solution containing 
1.7 mg. of cysteine hydrochloride and 0.9 mg. of NaHCO, per 1 mg. of CoSO,-7H,0. 


Toxicity and detoxication of cobalt by cysteine, glutathione 
(GSH), and methionine. High mortality resulted within 24 
hours after the oral administration of 40 mg. and the intra- 
peritoneal administration of 9 mg. of cobaltous sulphate (table 
4, groups 3 and 7). The intraperitoneal injection of cysteine 
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was effective in permitting survival following either method 
of administration of the cobalt (groups 4 and 8). Further- 
more, the cobalt-cysteine complex (1:3) was without lethal 
effect except at high levels (groups 5, 9 and 10). The complex 
was prepared as described by Schubert (’31) and contained 
20 mg. of CoSO, - 7H.O, 34 mg. of cysteine hydrochloride and 
17 mg. of NaHCO, per 3 ce. of solution. The unneutralized 
cobalt-cysteine complex gave a deep red solution which became 
brown after neutralization. On standing this solution darkened 
and deposited a black precipitate. Similar results followed 
the administration of either the red or brown solution. The 
solution in the peritoneal cavity was brown within 15 minutes 
after the separate injections of cobalt and of unneutralized 
cysteine hydrochloride. The injection of the brown complex 
was followed by its rapid absorption from the peritoneal cavity 
as was evidenced by the darkening of the urine, eyes, paws 
and subcutaneous tissues within 5 minutes after the admin- 
istration. Reduced glutathione gave the same colored solu- 
tions with cobalt as did cysteine and the mixture of cobalt and 
glutathione was non-toxie (group 11). 

Groups 12 to 16 (table 4) show the partial protection af- 
forded by methionine against the toxicity of cobalt. The effect 
was less marked than that of cysteine, as was also the case 
in the growth experiments (table 3). It is not possible from 
the present data to determine whether methionine was effec- 
tive either because of its conversion to cysteine or because of 
the formation of a cobalt-homocysteine complex. 

The effect of cysteine on the toxicity of nickel. Michaelis 
and Barron (’29) have reported the similar behaviour of nickel 
and cobalt with respect to the formation of complexes with 
eysteine. Groups 17 to 23 (table 4) show that the toxicity of 
nickel is also decreased by the administration of cysteine. In 
agreement with Caujolle (’39) nickel appeared more toxic 
than cobalt insofar as mortality from single administration 
was concerned. However, as noted in table 2, nickel added 
directly to the ration proved much less toxic than an equivalent 
level of cobalt. Further work is needed to clarify these ap- 
parently contradictory results. 
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TABLE 4 





The effect of cysteine * and of dl-methionine on the toxicity of cobalt and the effect 


of cysteine* on the toxicity of nickel in 40-gm. male rats. 





24 HOUR 








. 2 NIOKEL? . 
om Ser’ EE ee won 
= ag, mg. % 
1 16 0 Per os 9 0 
2 30 0 Per os 9 33 
3 40 0 Per os 7 71 
4 40 0 Cobalt per os + intraperitoneal injec- 
tion of 34 mg. cysteine 16 0 
5 * 40 0 Cobalt-cysteine complex per os 21 0 
6 6 0 Intraperitoneal injection 31 58 
7 9 0 Intraperitoneal injection 27 89 
8 16 0 Intraperitoneal injection of cobalt and 
27 mg. cysteine 12 0 
9° 20 0 Intraperitoneal of cobalt- 
cysteine complex 21 0 
10* 40 0 Intraperitoneal of cobalt- 
cysteine complex 15 67 
11° 20 0 Intraperitoneal of cobalt- 
glutathione complex 5) 0 
12 40 0 Cobalt and 64 mg. methionine per os 10 0 
13 10 0 Intraperitoneal injection of cobalt + 
64 mg. methionine per os 17 53 
14 10 0 Intraperitoneal injection of cobalt + 
26 mg. of methionine after 3 hourly 
injections of 12 mg. methionine 20 25 
15 10 0 Two intraperitoneal injections of 5 mg. 
cobalt 5 apart + 32 mg. 
methionine per os one-half hour be- 
fore and after first cobalt injection 14 0 
16 10 0 Two intraperitoneal injections of 5 mg. 
cobalt 5 hours 5 100 
17 0 20 Per os 28 64 
18 0 20 Nickel per os + intraperitoneal injec- 
tion of 34 mg. cysteine hydrochloride 12 50 
19 0 20 Nickel per os + intraperitoneal injec- 
tion of 17 mg. cysteine hydrochloride 
after 0 and 34 hours 16 25 
20 0 3 Intraperitoneal injection 7 14 
21 0 6 Intraperitoneal injection 10 90 
22 0 10 Intraperitoneal injection 6 86 
23 ° 0 10 Intraperitoneal of nickel- 
cysteine complex 10 0 
* Cysteine hydrochloride and one equivalent of NaHCO, were used. 
* Expressed as mg. of CoSO, - 7H,0. 
* Expressed as mg. of NiSO, - 6H,0. 
* Brown solution of cobalt-cysteine (1:3) complex containing 1.7 mg. cysteine 


hydrochloride and 0.9mg. NaHCO, per mg. of CoSO, - 7H,0. 
* Brown solution of cobalt-glutathione (1:3) complex containing 3.33 mg. gluta- 


thione (GSH) and 1.5 mg. NaHCO, per mg. of CoSO, - 


7H,0. 


* Nickel-eysteine (1:3) complex containing 1.7 mg. of cysteine hydrochloride 


and 0.9 mg. of NaHCO, per 1 mg. of NiSO, - 6H,O. 
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DISCUSSION 


The above data suggest that the toxic effects of cobalt and 
nickel and possibly of copper may be largely, if not completely, 
neutralized by the presence in the diet of sufficient sulfhydryl 
compounds, such as, cysteine, reduced glutathione, or homo- 
cysteine (from methionine). These compounds are believed 
to detoxicate cobalt by the formation of Jess toxic complexes 
of the type described by Michaelis in the case of cobalt and 
cysteine. It may be that the principal effect in cobalt poisoning 
is that which results from the binding in complex formation of 
sulfhydryl compounds in the tissues. Indeed, it is conceivable 
that interference with cellular oxidations due to formation of 
such complexes, with glutathione for instance, may be the 
stimulus to the hematopoietic system which causes so-called 
cobalt polyeythemia. Furthermore, these data suggest that 
consideration be given the possibility that dietary supplements 
of sulfhydryl compounds, or their precursors, may alter the 
outcome of studies of cobalt metabolism, and that dietary sup- 
plements of cobalt may alter the outcome of studies of 
sulfhydryl metabolism. In addition, the complex of cobalt 
and the sulfhydryl compound may itself be physiologically 
active. 

It is significant that Barron and Barron (’36) and Davis 
(’40) have reported studies on the relation of ascorbic acid to 
cobalt polycythemia and have concluded that cobalt may bring 
about erythropoiesis by interference with some respiratory 
function of this vitamin. Although preliminary unpublished 
experiments have failed to demonstrate any influence of 
ascorbic acid on the detoxication of cobalt by cysteine in the 
rat, an interrelationship may exist between cobalt, ascorbic 
acid and a sulfhydryl compound, such as, glutathione. It is not 
possible at this time to coordinate the results of the present 


paper with the recognized role of cobalt as a dietary essential 
required for the prevention of anemia. The latter studies and 
the associated effects of an unisolated organic substance in 
liver extracts have been reviewed by Underwood (’40). 
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SUMMARY 


1. The marked inhibition of growth of young rats due to 
0.12% of cobaltous sulphate in an 18% casein diet is largely 
prevented by supplements of methionine, cystine or cysteine, 
especially the latter. 

2. The high mortality due to either the oral or intraperi- 
toneal administration of very toxic levels of either cobalt or 
nickel is prevented by the simultaneous and separate admin- 
istration of cysteine. 

3. The complex of cobalt and cysteine formed in vitro is 
relatively non-toxic. 

4. Cobalt poisoning may be due to the fixation and loss of 
sulfhydryl compounds in tissues with resulting interference 
with oxidative mechanisms. 


We wish to acknowledge financial assistance from the 
Theelin Fund administered by the Committee on Grants for 
Research of St. Louis University. 
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I. THIAMINE CONTENT 
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Extended experimental studies of diets of restricted char- 
acter have been carried out by numerous workers during the 
past three decades. The common purpose underlying these 
studies has been a determination, qualitatively and quantita- 
tively, of the specific nutrients which are essential for good 
nutrition. Several species of animals have been used, the rat 
predominating. As a result, an extended series of vitamins, 
amino acids and minerals have come to be recognized as essen- 
tials and much has been learned of the consequences of an 
inadequacy of each. In such work it has been necessary to deal 
with simplified diets containing small numbers of food articles, 
ach as rigidly controlled as possible and free from significant 
unknown constituents. 

Some animal experimentation has been carried out with 
the more complicated diets which are prevailingly used for 
human nutrition (McCarrison, ’36). The nutritional success 
attained with animals on such diets has often been meagre. 
Now that many of the necessary nutrients have been defined 
by the aid of experiments with simplified diets, it seems pos- 
sible that the specific shortcomings of the more complex human 
diets can be detected by direct experiment. 

For the purpose of such an attack, we have attempted to 
formulate a sequence of diets which contain all of the more 
important foodstuffs of the American dietary in proportions 
corresponding to the annual per capita consumption of each. 
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The principal basis of compilation has been the publication of 
Stiebeling and Phipard (’39). Their data have been critically 
verified and corrected by reference to figures from other 
sources.' Detailed discussion of the compilation will be re- 
served for later papers devoted to nutritional experiments 
with this sequence of diets. Suffice it to say here that all the 
major components recur in every diet, the variations in the 
successive members of the sequence being such as are intro- 
duced by seasonal variations in the availability of foodstuffs, 
ete. The staples are relatively few in number and these grossly 
predominate over the non-staples in their contributions to 
the total calories (table 3). The general make-up of the diets 
will be evident in illustrative examples furnished below. It 
is recognized that a sequence of diets comprising so many 
articles of food probably represents a greater variety than is 
usually available to the individual. 

This paper deals with the thiamine contents of these diets. 
Later papers will deal with the contents of other vitamins and 
with the nutritional efficacy of the sequence of diets. 

EXPERIMENTAL PART 
I. Assay methods 

For such an extended series of samples it was necessary 
to have an expeditious method and the thiochrome method as 
adopted for the analysis of cereal products (Frey, in press) 
was used after extended explorations of minor variants. The 
results were, on the whole, reassuring as to reproducibility. 
All thiochrome results reported in this paper represent the 
average of at least two independent determinations in which 
every step of the process including the extraction procedure 
was carried out in duplicate. Duplicate determinations rarely 
differ by more than 10% and in the exceptional cases prob- 
ability of error in sampling was evident, for example, in meats 
streaked with fat and lean. 


‘Consultation with the service bureaus of the Department of Agriculture and 


Department of Commerce and correspondence with leading producers or trade 


associations of the principal food industries. 
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It was considered necessary to confirm the results of thio- 
chrome assay of several representative foods by conducting 
animal assays of the identical samples. For this purpose the 
rat curative method was chosen. 

Polyneuritis was developed by feeding 28-day-old rats on 
a commercial dog food * deprived of vitamin B, by the follow- 
ing procedure: 28 kilos of the meal contained in a rotating 
steel drum (55 gal.) was sprayed with 2800cc. of water 
through a 2-inch opening in the head, and then with 2800 ec. 
of 5% solution of SO,. Rotation was continued during spray- 
ing and for 6 hours thereafter to insure even distribution of 
the moisture. Except during spraying, the barrel was kept 
tightly closed for 6 days at a mean temperature of 30° C. with 
occasional rotation for an hour each day. The contents were 
then sprayed with 2700 cc. of 10% H.O, and allowed to stand 
for 24 hours. The product was then dried at less than 50° C. 
and ground to a fine meal with addition of 270 gm. of linseed 
oil. 

In early experiments with this method it was found that an 
excess of sulfur dioxide in the diet will prevent the cure of 
polyneuritis with normal doses of pure thiamine either by 
mouth or by injection. Destruction of excess sulfur dioxide 
with hydrogen peroxide was therefore adopted and each lot 
was analyzed for sulfur dioxide by iodometric titration of the 
distillate from a sample acidulated with excess phosphoric 
acid. Destruction of unsaturated fatty acids by hydrogen 
peroxide became evident through the development of a scaly 
tail condition of the rats during the development of poly- 
neuritis. This was corrected by addition of linseed oil. 

On such a diet well-defined polyneuritis develops more 
promptly and consistently than with any other diet with which 
we have had experience. Polyneuritis begins to appear in 
3 weeks and is present in about 90% of the animals within 5 
weeks. A few rats die without symptoms being observed and 
occasionally one continues to grow, exhibiting refection as 
verified by thiochrome analysis of feces. Refection in our 


* Beacon dog food. 
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colony is not often accompanied by light-colored feces though 
we have frequently observed the latter. In seven rats out of 
ten which survive for as much as 24 hours after dosing poly- 
neuritis is cured or significantly improved by oral or par- 
enteral doses of 5 pg. of thiamine chloride. That quantity of a 
food required to produce an equal proportion of cures is as- 
sumed to contain 5 pg. of thiamine. Twenty rats or more are, 
on the average, required for the test of a foodstuff but a large 
proportion of them can be re-used two to four times. Foods of 
low potency cannot be tested by the method as polyneuritic 
rats will not ordinarily consume more than about 3 gm. of dry 
food solids. 


COMPARISON OF RESULTS 


Inspection of the thiochrome results revealed concordance 
with rat curative results except in the case of cooked pork, 
for which the thiochrome results were substantially lower. We 
were led to suppose that the low thiochrome results were due 
to failure of extraction. However, all attempts to improve 
extraction, even including a 12-hour digestion with normal 
sulfuric acid, failed completely to achieve the result. Experi- 
ments with proteolytic enzymes, pepsin, trypsin and papain 
were equally ineffective. We now surmise that thiamine pyro- 
phosphate becomes partially bound by the cooking process 
through the reaction of tke phosphoric acid group with the 
amino group of protein amino acids and that this linkage 
is split with great difficulty. 

A similar binding of thiamine to protein can be effected by 
low temperature dehydration as indicated by the following 
and other similar experiments. The lean portion of three 
pork chops was ground, mixed and analyzed by the thiochrome 
method giving a result of 15.1 yg. per gram of fresh meat or 
60.6 yg. per gram on a dry fat free basis. A portion of the 
meat was dehydrated by boiling with xylene under partial 
vacuum at <60° C. till the distillate was water free. The 
remaining xylene was drained off of the meat, the adherent 
solvent evaporated at low temperature and the meat ground 
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to a powder. After such dehydration with xylene which 
effected a moisture and fat loss of 75.1%, analysis of the pork 
gave 35.6 yg. of thiamine per gram of dry fat free substance, 
indicating a reduction of 41% of the thiamine in the drying 
process. Rat curative assay, however, showed no loss. Ap- 
parent loss of thiamine may occur in the cooking process 
especially in flesh food submitted to a desiceating type of cook- 
ing. This has been ascertained by comparing thiochrome 
assays and rat curative assays of a number of foods prepared 
by customary cooking methods as shown in table 1. To ascer- 
tain how large an error is introduced by this factor in the 


TABLE 1 


Effect of cooking on thiochrome assays. 





THIAMINE THIAMINE 
yOUD Thio- Rat BATCH NO Thi Yeast 
chrome curative om st fermen- 
chrome > 1 
ug./gm. ug./gm. tation 
Ham,smoked Raw (42% H,O) 11.8 11.9 ug./ gm. ug./gm. 
Fried (15% H.O) 8.5 11.9 30 0.79 0.79 
Egg yolk Raw 2.4 2.2 31 1.17 1.11 
Scrambled 2.2 2.2 32 1.20 4 
Quaker oats Raw, dry 5.3 5.0 33 1.11 1.47 
Cooked porridge 1.1] 1.1 34 1.15 1.46 
Pumpernickel 2.7 2.4 a — 
bread Average 1.08 1.23 


*We are greatly indebted to Dr. C. N. Frey of the Fleischmann Research 


Laboratories for the yeast fermentatien results. 


thiochrome assay of cookcd foods in general, we have also 
included in table 1 assays by the yeast fermentation method, 
with sulfite correction, on five mixed batches of food prepared 
as described in section IV of this paper. 

It appears that thiochrome assays of certain cooked foods 
will tend to be slightly too low on account of this factor. How- 
ever, it is a minor matter except in the case of pork, which is 
a major contributor of thiamine to the diet as a whole. In 
the case of smoked ham tabulated above, the apparent thermal 
loss in frying was 47% by thiochrome assay, but was actually 
only 32% by rat curative tests. 
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II. The thiamine content of individual foodstuffs 

In table 2 are given the results of the analyses of all articles 
of food entering into the sequence of diets. In each instance 
the cooking procedure used represented a common customary 
kitchen practice. Every effort has been made to include as 
‘*vield’’ all the thiamine which is destined to reach the mouth 
and no more. 

The matter of cooking waters is particularly troublesome. 
Proportions of water used in cooking vary greatly from 
kitchen to kitchen. The extent to which cooking waters are 
discarded is also variable. We have endeavored to follow 
prevailing practice but have sought to enable the reader to 
ascertain the effect on the thiamine yield of deviations from 
our practice. If one wishes to include the cooking water with 
the food consumed in cases in which we have not done so, 
he may correct our ‘‘vield as purchased’’ values by adding 
the ‘‘B, in total liquors’’ or vice versa. 

The values in table 2 do not represent the range of values 
which may be encountered for each of the foods. We trust 
they are typical values but have not been able to make numer- 
ous assays of each food for comparison. As shown in sec- 
tion IV, the use of these values for calculation has given totals 
for mixed diets in fair agreement with assays of the mixtures. 

In the case of several meats, notably beef muscle, we recog- 
nize that our values are lower than recently reported by 
others (Waisman and Elvehjem, °41). Accordingly we have 
made curative trials on polyneuritic rats with five samples of 
heef. No cure of polyneuritis was achieved with less than 
8 em. of fresh lean raw beef; no improvement of symptoms 
was noted with less than 6 gm.; in two cases the curative dose 
was established at 10 @m. These results are in general accord 
with the older literature (Vedder and Clark, ’12). We believe 
that Waisman and Elvehjem’s samples were exceptional, or 
more probably their assays for the thiamine poor meats were 
in error due to the fact that large amounts of the basal diets 
of their animals were displaced by the test foods. Their as- 
sumption that all betterment of growth is due to thiamine in 
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the meat does not appear warranted when the test food reaches 
10% or more of the weight of the total ration. For pork our 
results are in relatively good accord with theirs. 


III. Various foods as sources of thiamine for the 
average American diet 


The caloric contributions to diets by specific foods vary 
enormously and a staple food of low thiamine content may 
nevertheless contribute a major fraction of the total thiamine. 
By contrast many minor foods, though rich in thiamine, con- 
tribute only minor fractions of the total thiamine. Table 3 
provides a presentation of the relative importance of various 
thiamine sources. It will be seen that the cereals and meats 
each supply about one-quarter of the total, dairy products 
and all vegetables supply about one-fifth each, and fruit yields 
about one-tenth of the total thiamine. It should be noted that 
the principal thiamine contributors are pork (other than 
bacon), milk and bread, while potatoes make a poor fourth. 

If the white bread were replaced by whole wheat bread or 
‘‘enriched’’ white bread containing the recommended min- 
imum of 1.1 mg. per pound, the thiamine per 2500 calories of 
diet would be increased from 0.78 to about 1.28 mg. and the 
cereal contribution would be over 50% of the total. 


IV. Thiamine content of mixed diets 


The calculated thiamine yields of the foods of the average 
American diet as shown in table 2 were verified by the assay 
of several lots of the mixed diet as shown in table 4. For this 
purpose lots of the diet were made up by running each of the 
foods through a meat chopper and mixing all together in a 
power masticator. These lots did not contain every food 
listed in table 3. However, every lot contained white bread, 
sugar, milk powder, eggs, butter, lard and crisco, beef, pork, 
tomatoes, peas, lettuce, potatoes, raw carrots and raw cabbage 
in the proportions indicated in table 3. In addition, each lot 
also contained about fifteen other minor food articles so chosen 





TABLE 3 


Thiamine contributions from various foods to make a total of 2500 calories. 








FOODS GRAMS 
White bread (includes some sugar and fat) 260? 
Rye bread 4 
Whole wheat bread 6 
Corn meal 11 
Oatmeal 4 
Prepared breakfast cereals 6 
Rice 5 
Sugar (apart from bread) 97 
Total cereal products 393 
Milk (as dry powder) 45 
Eggs 34 
Cheese 8 
Butter 20 
Total dairy products 107 
Bacon (including fat pork) 7 
Pork (other than bacon) 39 
Mutton and lamb 6 
Beef 46 
Veal 7 
Poultry 15 
Fish 20 
Liver and other organs 3 
Total flesh 143 
Fats and oils? 19 
Asparagus (canned)? 4 
Beans, baked (canned)? 7 
Beans, lima (canned)? 2 
Beans, snap 11 
Beets 4 
Cabbage, boiled (incl. cauliflower) 15 
Cabbage, raw * 5 
Carrots, boiled 10 
Carrots, raw * 3 
Corn (canned )?* 13 
Eggplant (incl. okra) 4 
Onions 21 
Lettuce 1 
Parsnips and radishes 2 
Peas (canned )?* 13 
Peas and beans, dried 7 
Potatoes 138 
Pumpkin (canned)* 7 
Sauerkraut 3 
Spinach 6 
Sweet potato 20 
Tomatoes (canned)* 18 
Tomatoes, raw * 18 
Turnips 4 
Total vegetables 347 
Apples, cooked 19 
Apples, raw (incl. pears)‘ 37 
Bananas 2 


Blackberries (incl. other berries) 
Cantaloup 
Grapes 
Oranges and other citrus fruits 
Peaches 
Prunes, cooked 
Raisins 
Watermelon 
Total fruits 


Peanuts (incl. other nuts) 
Chocolate 


Total miscellaneous 


Grand total 


1 Sufficient white bread was included 
course 


flour consumption. Part of this 
in customary human diets 


2 This does not include fats contained in meats. 


oO 
ee ee oo 


~ 
on 


1193 


in the diet 
appears 





CALORIES THIAMINE 

CALORIES PER CENT Per cent 
OF TOTAL #6- of total 

679 27.3 122 16.9 
9 0.4 7 1.0 
16 0.6 13 1:8 
41 1.6 10 1.4 
17 0.7 20 2.8 
20 0.8 1 0.1 
16 0.6 2 0.3 
384 15.3 0 0.0 
1182 47.3 175 24.3 
222 8.9 124 17.2 
48 1.9 23 3.2 
30 1.2 3 0.4 
148 5.9 TT ° 
448 17.9 150 20.8 
43 1.7 3 0.4 
155 6.2 156 21.65 
16 0.6 2 0.3 
104 4.2 7 1.0 
10 0.4 1 0.1 
21 0.8 5 0.7 
14 0.6 10 1.4 
3 0.1 6 0.8 
366 14.6 190 26.3 

171 6.8 oe o- 

1 4 0.6 

7 0.3 2 0.3 

2 . 1 0.1 

4 0.1 4 0.6 

1 os os 

3 0.1 2 0.3 

1 os y 0.3 

3 0.1 1 0.1 

1 es 1 0.1 
13 0.5 3 0.4 
2 . 2 0.3 

9 0.4 4 0.6 

1 6 0.8 

7 0.3 13 1.8 
24 1.0 22 3.1 
100 4.0 57 7.9 
3 0.1 1 0.1 

1 1 0.1 

1 vr 3 0.4 
22 0.9 4 0.6 
4 0.2 10 1.4 

4 0.2 7 1.0 

1 . 2 0.3 
219 8.8 142 21.5 
11 0.5 2 0.3 
21 0.8 6 0.8 
16 0.6 25 3.5 
2 0.1 1 0.1 

1 . 2 0.3 

3 0.1 3 0.4 
18 0.7 19 2.7 
5 0.2 1 0.1 
11 0.4 2 0.3 
6 0.2 2 0.3 

2 0.1 2 0.3 
96 3.9 65 9.1 
12 0.5 1 0.1 
8 0.3 oe ces 
20 0.8 1 0.1 
2502 100.2 723¢ 102.1 


to account for the total average white 
as other bakery goods, macaroni, etc., 


A portion of the total shortening fats 


appears in the bread, that amount being deducted from the average consumption of fats and oils 
* For convenience we used and analysed canned product but it should not be inferred that 
the product is not used in customary diets in other ways. 
* All foods other than fruits were cooked except when otherwise indicated. All fruits 


were raw except when otherwise specified. 


5 On account of thiochrome assay error this figure should be higher, perhaps about 27%. 


See footnote 6 to table 2 


* This would be increased to 775ug 


cooked lean pork. 


if allowance is made for non-extractable thiamine in 
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as to preserve the balance of cereals, dairy products, meats, 
vegetables and fruits as shown in table 3. The selection of the 
fifteen minor articles was made so as to simulate the variety 
appearing in the home kitchen and to take advantage of sea- 
sonal variation in availability of foods in the market. All the 
articles in table 3 appeared in one lot or another of those 


shown in table 4. 
TABLE 4 


Thiamine content of mixed diets. 
THIAMINE PER 
2500 CALORIES 








BATCH . THIAMINE NON-FAT Bag —— - 
NO pat vate FOUND ! SOLIDS pion Pn — ear ~~ 
table 2 
ug./gm. ug. ag. 
18 3.5 54.6 0.66 41.8 1260 831 719 
19 7.6 52.7 0.65 39.7 1100 716 650 
20 4.9 55.3 0.46 39.8 1230 566 542 
21 4.7 52.2 0.85 43.1 1160 989 699 
22 4.2 54.7 0.69 41.1 1240 852 767 
23 5.0 50.7 0.76 44.3 1180 894 732 
24 7.8 53.3 0.71 38.9 1160 822 708 
25 5.1 50.4 0.65 44.5 1180 766 677 
26 3.8 55.7 0.43 40.5 1275 549 644 
27 4.7 52.6 0.63 42.7 1170 740 775 
28 4.2 55.5 0.67 40.3 1255 841 693 
29 5.0 54.9 0.78 40.1 1220 950 621 
30 8.3 21.3 0.79 70.4 683 540 537 
31 10.8 17.8 1.17 71.5 653 764 649 
32 12.1 12.7 1.20 75.2 610 732 676 
33 12.5 12.9 1.11 74.6 608 675 760 
34 11.5 15.7 1.15 72.7 634 729 740 
Average 762 681 





* By thiochrome assay of mixture. 
* Calculated on basis of 4 eal. per gram of non-fat solids and 9 cal. per gram fat. 


CONCLUSIONS 
The thiamine content of the average American diet, such 
as was consumed by the middle two-thirds or three-fourths 
of the population prior to the advent of enriched bread and 
flour, is about 0.8 mg. per 2500 calories. This is substantially 
lower than previously supposed from the results of computa- 
tions such as those of Stiebeling and Phipard. 
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If the use of enriched flour and bread becomes universal, the 
average intake will be increased about 64% to about 1.5 mg. 
per 2500 calories. 

Thiochrome assays of cooked flesh foods tend to give low 
values for thiamine on account of incomplete extraction. This 
error probably has a significant effect only on the thiamine 
contribution of lean pork to mixed diets. Desiccated flesh foods 
may give much too low thiochrome assay values. 

The principal contributors of thiamine to prevailing diets 
are lean pork, bread and milk. 

Tables are given to permit approximate calculation of 
thiamine yields of other diets as cooked and served. 
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VITAMIN E, COD LIVER OIL AND MUSCULAR 
DYSTROPHY 


H. A. MATTILL AND CALViN GOLUMBIC 


Biochemical Laboratories, State University of Iowa, Iowa City 
ONE FIGURE 
(Received for publication, December 22, 1941) 


There is abundant evidence that tocopherol prevents and 
cures the various disorders produced in mammals and birds 
by diets containing cod liver oil. The disorders were first un- 
wittingly produced by natural foods to which cod liver oil 
had been added to increase their content of vitamins A and D; 
hence the resulting pathology was ascribed to a toxic effect of 
cod liver oil. Such direct toxic action of cod liver oil was 
questioned on two occasions (Mattill, ’38, ’40) when the vul- 
nerability of vitamin E to oxidation in the presence of un- 
saturated fatty acids undergoing autoxidation was discussed. 
In the muscular dystrophy of rabbits it was clearly shown 
that the dystrophy was a result of inadequate vitamin EF, 
either because the diet contained none or because the vitamin 
E it was supposed to contain was destroyed before the animal 
got it. The production of identical disturbances in rabbits on 
vitamin E deficient synthetic diets containing no cod liver oil 
(Mackenzie, Mackenzie and McCollum, °41a), finally dis- 
proved the theory of its direct toxic action. 

The early experiments referred to were conducted ' before 
tocopherol, as such, was obtainable and are belatedly de- 
scribed here because an unnecessary distinction is still being 
made between dystrophy induced by cod liver oil and 


*Mr. T. U. Marron assisted in some of the early experiments. 
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dystrophy produced by a deficiency of vitamin E (Mackenzie, 
Mackenzie and McCollum, ’41b). Some additional observa- 
tions are also recorded. 

The basal synthetic diets were patterned after those used 
by Madsen, McCay and Maynard (’35) and contained the fol- 
lowing ingredients in approximate percentages: cellulose, 20; 
casein, 15; sucrose, 10; starch, 35; lard, 3; cod liver oil, 3; 
yeast, 10; salt mixture, 4. When desired, vitamin E was added 
as 2 or 3% of wheat germ oil and, to prevent the fats from 
becoming rancid, 0.1 to 0.3% of a suitable stabilizer, such as 
hydroquinone, was sometimes introduced. 

Young rabbits weighing 400 to 800gm. were gradually 
shifted from rabbit chow to the basal diet. The typical effects 
of the various dietary modifications in a few animals, out of 
many, are shown in the accompanying graphs of their body 
weights. 

















Fig. 1 B, basal diet; B,, basal diet with added stabilizer; W, basal diet 
containing 3% of wheat germ oil; W,, diet W containing stabilizer; W,,, diet W 
whose three fat constituents (cod liver oil, lard, wheat germ oil) and yeast were 
mixed and kept in a current of warm air (60° C.) for 1 week before being added 
to the remaining components of the ration; W;, diet W in which only the yeast 
had been exposed as in W,,; after the incubation period as above, the yeast was 
washed free of the rancid fats, by ether, and fresh fats were used in making up 
the ration; the short lines crossing the curves mark the changes in diets; + in- 
dicates death from dystrophy; the small squares and rectangles above the curves 
indicate parenteral doses of dl-a-tocopherol acetate, the circles below the curves, 


oral doses. 
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On the basal diet containing a stabilizer (B, 20 and 21) 
young rabbits died of dystrophy in about 3 weeks, often 
sooner, after showing a precipitous loss in weight and obvious 
external signs of dystrophy *; the presence of a stabilizer to 
delay rancidity was obviously of no avail in the absence of 
vitamin E. When the basal diet contained 2 or 3% of wheat 
germ oil without stabilizer (W, 70), the animals often did 
fairly well for some time but sooner or later dystrophy super- 
vened. This is typical of many reports on the temporary 
effectiveness and ultimate inadequacy of wheat germ oil and 
other sources of vitamin E in alleviating the symptoms of its 
lack when unstabilized cod liver oil was present. The vita- 
min E content of such a diet depends on the freshness of the 
cod liver oil and on the conditions and duration of storage 
of the mixed diet. When in addition to wheat germ oil a 
stabilizer was included (W,, 3, 54, 58, 84) the situation was 
greatly improved although even here, if the diet was made up 
in large lots, dystrophy might appear because the stabilizer 
lost its effectiveness during prolonged storage. 

The remaining graphs further confirm the deleterious effects 
of rancidity. As described in the legend, diet W., contained 
the three fats (lard, cod liver oil, wheat germ oil) and yeast 
in a mixture in which rancidity was developing well before it 
was incorporated into the diet. In diet W, only the yeast had 
been exposed to rancid fats. The behavior of animals 91 and 
92 demonstrates the results. With a shift from the basal diet 
containing wheat germ oil (W) to diet W,, growth continued, 
but on W,, it soon ceased. Timely administration of a-toco- 
pherol acetate * rescued animal 91 temporarily, but with ani- 
mal 92 the administration was begun too late to prevent the 
fatal progress of dystrophy. Animal 101 was maintained on 
the basal diet by the help of tocopherol acetate and later 
succumbed on diet W,,. 

*In many cases the extent of muscle degeneration was determined by Dr. E. D. 
Warner in the Department of Pathology, to whom we are much indebted. 


*a-Tocopherol acetate became available during the progress of these experi- 
ments and was generously supplied by Hoffman-LaRoche, Ine. 
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a-Tocopherol acetate was first administered intraperi- 
toneally. The response of animal 90, as well as of other 
animals, demonstrated that the vitamin ester is less effective 
when given by this route than when given by mouth. More 
recently a similar difference has been noted with tocopherol 
itself in rabbits (Eppstein and Morgulis, ’41) and in rats 
(Goettsch and Pappenheimer, ’41). 

The adequacy of diet W,, whose yeast component was the 
only one to be exposed to autoxidizing fats, was suggestive 
but inadequate evidence that if any of the vitamin B factors 
are specifically concerned with the problem of dystrophy, they 
are not damaged by the oxidizing fats; the rancid conditions 
which favored the disappearance of vitamin E from the diet 
left the various B factors intact at least for the duration of 
the observations *. 

More recently the vitamin B factors appear to have been 
excluded from any complicity in muscular dystrophy (Mac- 
kenzie, Levine and McCollum, ’40). That none of the unidenti- 
fied B factors is concerned was demonstrated by the following 
experiment. Five young rabbits, which after 3 weeks on the 
basal diet containing yeast had not vet showed any signs of 
dystrophy, were shifted to a vitamin E-deficient diet like that 
quoted above, but containing 23% of casein and no yeast. 
Another group of five young animals was gradually trans- 
ferred from rabbit chow to this veast-free diet. Thereafter 
the following supplements were administered orally to both 
groups: a-tocopherol acetate, 25mg. weekly in three doses; 
nicotinie acid, 5 mg., later 75 mg., weekly in three doses; 

* The stability of some of the B factors under prolonged exposure to autoxidizing 
fats is not known. Doubtless all who have dealt with animals on E-deficient diets 
have occasionally encountered dermatitis in older animals and caudal necrosis 
in the new-born. Biotin appears to be easily destroyed by peroxides (Brown and 
du Vigneaud, °41). Both pantothenic acid and pyridoxine contain aliphatic 
hydroxyl groups, the latter also contains a phenolic hydroxyl group, as is the case 
in tocopherol; the dermatitis that is occasionally reported as alleviated by wheat 
germ oil (Richardson, Hogan and Itschner, *41) might have some such origin. 
The diminished liver stores of vitamin A in animals deprived of vitamin E for 
prolonged periods (Moore, "40; Bacharach, 40) can doubtless be explained in part 


on this basis. 
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choline hydrochloride, 100 mg. daily; thiamine hydrochloride, 
riboflavin, pyridoxine, 1.5 mg. of each, weekly in three doses; 
‘alcium pantothenate, 3.0 mg. weekly in three doses*®. Two 
animals (in the first group) soon succumbed to dystrophy ; the 
administration of tocopherol acetate was apparently begun 
too late to halt the onset and fatal termination of the disease. 
The remaining eight animals were maintained on the vitamin 
supplemented yeast-free diet for prolonged periods (25, 26, 
36, 43, 83, 84, 91, 91 davs) without the appearance of external 
symptoms of dystrophy. During this time, the rate of growth 
usually diminished and in some instances growth ceased 
altogether. Three animals died, at 36, 43 and 84 days, from 
various causes, but none with dystrophy. 

The missing factors required for growth seemed to be pres- 
ent in fat-free liver powder ® and in fresh grass? and dried 
grass *; when the diet of three animals was further supple- 
mented by these materials at 83, 91 and 91 days, a rapid 
growth response was obtained in two of them, continuing for 
another 10 to 13 weeks. When the grass feeding was dis- 
continued in the case of the third animal after 30 days it died 
in a few days with a liver pathology which was not further 
studied. 

The various disorders produced in birds and animals by 
diets containing cod liver oil can all be explained as due to 
lack of vitamin E; in the case of diets known to contain vita- 
min E originally, this lack is the result of its oxidation which, 
like that of carotene (Sumner and Sumner, °40) and vita- 
min A (Dyme, Nelson, Howe and Nelson, ’41) is coupled with 
the oxidation of fatty acids. In this association vitamin E 
is more readily oxidized than vitamin A. All of the observa- 
tions recorded in the literature, many of them very confusing, 
can be reconciled on the basis of a disappearance of vitamin EK 
from the rations used, either before or after their ingestion, 


* The last four of these were kindly furnished by Merek and Co. 
* Kindly supplied by Wilson Laboratories. 
* Prepared as described by Foster, Jones, Russell and Dorfman (’40). 


*Cerophyl. Courtesy of Dr. Kohler, Cerophy] Laboratories. 
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the rate of this disappearance being dependent on the char- 
acter and rate of oxidation of the accompanying unsaturated 
fats. This is made particularly clear by the innocuous char- 
acter of hydrogenated cod liver oil (McCay, Paul and May- 
nard, ’37) and by the observations of Mackenzie et al. (’41 a), 
that 3 mg. of tocopherol, fed separately, prevented dystrophy 
in rabbits on a diet containing lard, whereas this amount of 
tocopherol did not suffice to prevent dystrophy when the diet 
contained cod liver oil or when cod liver was administered 
separately shortly following the tocopherol. The induction 
period of lard is much longer than that of cod liver oil; hydro- 
venation greatly prolongs the induction period of cod liver oil. 

As there has long been no reason for speaking of a salt 
ophthalmia, so there is now no reason for distinguishing be- 
tween a dystrophy produced by lack of vitamin E and a cod 
liver oil-induced dystrophy. 


SUMMARY 


Kvidence is presented to show that no distinction need be 
made between a cod-liver oil-induced muscular dystrophy in 
rabbits and the nutritional muscular dystrophy produced by 
lack of vitamin E. None of the members of the vitamin B com- 
plex appears to be concerned with nutritional muscular 
dystrophy. 
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The importance of accurate information on the vitamin E 
content of foods and feedstuffs has increased manyfold with 
recent developments in the physiological aspects of the chem- 
ical substances possessing vitamin E activity. The needs of 
farm animals for vitamin FE still remain obscure but it is 
apparent that a marked clarification of the problem will result 
from better knowledge of the vitamin content of animal feeds. 
Animal assays are tedious and time-consuming. Without a 
definite standard of reference, results obtained by various 
laboratories, using methods perhaps suited to the particular 
product in question but not universally applicable, have often 
lacked the desired precision and unifermity. The availability 
of a synthetic source of vitamin E in the form of alpha- 
tocopherol now appears to offer a means of expressing the 
vitamin E potency of feedstuffs on a more uniform basis. In 
the present report, some experiences are described with an 
assay procedure in which alpha-tocopherol has been used as a 
standard and the technique applied to the assay of a number 
of feedstuffs including the cereal grains and green and dried 


grasses, 
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The general plan for biological assay of vitamin EK was de- 
veloped by Evans and Burr (’27) and described more recently 
by Palmer (’37). The latter author points out some of the dis- 
advantages of the method, among which is the fact that there 
is no definite answer to the question of how late in the gestation 
period vitamin FE may be fed with assurance that it will exert 
a physiological effect. Mason (’39) reported results which 
apply to this aspect of the subject, but a further problem is 
presented in the assay of feedstuffs which are (a) low in 
vitamin E content, (b) bulky or unpalata’'e to rats, and (c) 
must be fed over a considerable period of time to secure the 
desired consumption. In view of these facts it appeared de- 
sirable, in the course of establishing an assay procedure, to 
obtain data showing the effect of feeding single doses of 
concentrated vitamin E supplements on different days as 
compared to continued feeding for definite intervals during 
the gestation period. 


EXPERIMENTAL 


The procedure followed is essentially the same as described 
by the authors just mentioned. The principal exception has 
been the introduction of alpha-tocopherol as a_ reference 
standard in order to express vitamin E content as weight of 
alpha-tecopherol per 100 gm. of feedstuff. 

Groups of female rats at the age of 28 days were placed in 
cages with raised sereen bottoms and fed the basal ration, 
consisting of dextrin 71.5%, casein (aleohol extracted) 18%, 
salt mixture 3%, brewers’ yeast 7%, fortified cod-liver oil 
0.5%. The fat content of this diet was less than generally 
used in vitamin E-free diets but the purpose was to avoid 
rancidity and deterioration and the possibility of including a 
source of vitamin E. Fortified cod-liver oil was added just 
prior to feeding. Preliminary experiments with the diet 
showed it to be fully as satisfactory as the high-fat diets for 
all purposes, and superior from the point of view noted above. 
At the age of 110 to 120 days the animals were mated by 
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placing a normal male rat in the cage overnight. Vaginal 
smears, taken with a dropping bottle syringe filled with water 
were examined microscopically for sperm the next morning. 
The females showing no sperm were left in the mating cage and 
examined daily until positive mating occurred. The time 
required for positive mating was frequently much longer than 
5 days or the normal length of the estrous cycle. However, 
animals showing the erythrocyte sign were rarely found in the 
mating cages, indicating that the method of examining the 
female for sperm after being mated over a 16-hour period was 
reliable. 

Animals showing positive mating were placed in individual 
cages and fed the desired assay material apart from the basal 
diet, the method of feeding used depending on the nature of 
the supplement fed. The usual procedure of examination for 
erythrocyte sign and daily weighing after the thirteenth day 
was followed to determine pregnancy and the event of either 
resorption or birth of a litter. 

The use of virgin females for vitamin E assay has been 
recommended by Mason and Bryan (’38) and Bacharach et al. 
(37). The increased requirements of female rats for vitamin 
E with age has been demonstrated by Evans and Emerson 
(739) and Emerson and Evans (’39 a, b). Barrie (’38) has dis- 
cussed both uterine degeneration due to vitamin E deficiency 
and resorption with its possible effects on vitamin E assay. In 
the assays reported here, preliminary attempts to standardize 
animals indicated that females of several classes with relation 
to gestation history could be used without sacrificing accuracy 
as follows: (1) virgin females which have been on the vitamin 
E-deficient diet 70 to 90 days; (2) females which have resorbed 
on the first gestation when fed an insufficient vitamin FE. supple- 
ment; and (3) females which have given birth to a litter on the 
first gestation when fed a vitamin E supplement, followed by a 
resorption. The animals of different classes were equally dis- 
tributed on each supplement so as to avoid inaccuracy that 
might result from differences in previous reproductive history. 








636 C. A. CABELL AND N. R. ELLIS 


METHODS OF FEEDING VITAMIN E SUPPLEMENTS 


The cereal grains were ground and the total amount to be 
fed weighed into an ordinary feed cup, separate from the basal 
diet, and the entire feeding given to the animal to be eaten ad 
libitum. 

The green grass was chopped into approximately quarter- 
inch lengths, weighed, and put into a container which was kept 
in the refrigerator; small portions were fed daily to avoid 
drving. 

In order to insure complete consumption of the dried grass 
supplements, they were first ground to pass a 40-mesh screen 
and mixed with casein and sugar as follows: dried grass, 25% ; 
easein (aleohol extracted), 12.5%; and white cane sugar, 
62.5%. The required amount of the mixture to supply the 
proper quantity of grass was placed in a feed cup and in most 
cases was consumed within a few days. Occasionally animals 
required as long as 10 days to consume the grass mixture, but 
when consumption was unusually slow and if more than 1 or 
2 om. of the grass mixture remained unconsumed after 10 days, 
the animal was discarded. 

The alpha-tocopherol dissolved in ethyl laurate, and the 
wheat germ oil were dropped from a calibrated syringe di- 
rectly into the animal’s mouth. 


EXPERIMENTAL RESULTS 


Effectiveness of vitamin E fed at various stages of the 
gestation period 
Two experiments were conducted in order to establish as 
nearly as possible the maximum period of time over which the 
feeding of a vitamin E supplement for assay could be extended 


without loss in the possible physiological effect of the total 
vitamin E. Wheat germ oil as a source of the vitamin was fed 
to one series of animals, and alpha-tocopherol to another. 
In the selection of the time intervals for feeding these supple- 
ments, the day on which sperm appeared in the smear was con- 
sidered the first day. Certain groups of animals were given 
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the complete dose on the second day; others, on the seventh or 
the twelfth day. In still other groups the dose was divided into 
10 or 20 equal feedings fed over as many days. 

As shown in table 1 the feeding of 125, 250 and 500 mg. of 
wheat germ oil in a single dose on the second day was some- 
what less effective than the same amount distributed over the 
first 10 days of the gestation period. Likewise there is a simi- 
lar but less sharply defined distinction in the case of animals 
fed 1 mg. of alpha-tocopherol as a single dose on the second 


TABLE 1 
Effectiveness of varying doses of vitamin E with relation to different intervals in 
the gestation period as determined by the feeding of wheat germ oil 


and alpha-tocopherol. 





RATS FED WHEAT GERM OIL RATS FED ALPHA-TOCOPHEROL 
TER Gestations Young Gestations Young 
VAL maar | a in 
Dose Pro- Dose Pro- 
Number ducing Live Dead Number ducing Live | Dead 
litters litters 
days mg. Te no. no. mg. Te no no. 
2nd 125 8 12.5 3 0 0.66 8 37.5 6 2 
2nd 250 12 58.3 8 8 1.00 17 70.6 53 4 
2nd 500 14 78.6 24 13 2.16 6 100.0 27 1 
7th 250 8 37.5 2 2 1.00 s 62.5 20 0 
7th 500 1] 45.5 18 1 2.00 8 62.5 19 4 
12th 500 9 11.1 0 1 2.00 6 33.3 0 4 
Ist 10 12.5 6 33.3 2 2 0.10 14 85.7 52 5 
Ist 20 12.5 7 57.1 10 3 0.05 12 75.0 26 5 
Ist 10 25.0 7 85.7 9 4 
Ist 10 50.0 5 100.0 17 9 


day and as 0.1-mg. daily doses for 10 days. Delay in feeding 
the test material until the seventh day still permits reasonably 
effective protection against resorption, while by the twelfth 
day only a small percentage of females give birth to young and 
these are usually dead. Distribution of the test feeding over 
a 20-day period results in some loss of effectiveness as com- 
pared to a 10-day period. Also of interest is the indication of 
the quantitative requirement of synthetic alpha-tocopherol 
for reproduction in the rat. It is evident that 1 mg. is not suf- 
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ficient, but a 2 mg. dose is probably a dependable level. This 
is in close agreement with results reported by Goettsch and 
Pappenheimer (’41). The use of wheat germ oil entailed some 
difficulties due to slow but unmistakable loss in vitamin E po- 
tency. From spectrophotometric examinations the alpha- 
tocopherol was found to remain stable throughout the test 
period. 





100 
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2 4 6 8@ 0 ww 4 (6 16 20 e2 e4 26 28 30 
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Fig. 1 Reference curve for vitamin E assay showing percentages of litters 
obtained from pregnant females fed alpha-tocopherol at different levels. 


In the subsequent work, alpha-tocopherol was used as a ref- 
erence substance in the assay of the grains and grasses which 
were studied. For this purpose, the alpha-tocopherol was fed 
at various levels in order to establish a reference curve as 
shown in figure 1. 

Data on which the first four or most critical points of the 
curve were based comprise the results from thirty-five gesta- 
tions. Each dot along the curve represents the average percent 
of litters obtained from feeding the indicated amount of alpha- 
tocopherol. The results show a high correlation of percent of 
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litters with amounts of alpha-tocopherol fed. Obviously in the 
establishing of such a curve of reference for use with a given 
series of test samples, the percentage value for a particular 
level of alpha-tocopherol may depart considerably from the 
normal pattern with a change in the results from one or two 
animals. Such an instance is illustrated in the result given in 
table 1 for the feeding of 1 mg. of alpha-tocopherol on the 
second day of gestation. The value given is 70.6%. Had one 
less female produced a litter, the resulting average value for 
the group would have been approximately 65% which would 
have fallen on the curve as drawn. It is obvious that new 
curves of reference should be established with each succeeding 
series of assays in order to avoid errors due to changes in 
response of the animals. 

It is apparent that values for vitamin E content of supple- 
ments which have been fed at measured levels can be read 
easily from such a curve. Any experimental error in the curve, 
of course, will be reflected in the computed values, but the 
method has the obvious advantage that results obtained even 
under different experimental conditions may be more accu- 
rately compared. The feedings were all made on the second 
day. In the light of the data presented in table 1, some in- 
crease in accuracy might be achieved by distributing the alpha- 
tocopherol feedings over a period equal to that required for 
the ingestion of the feed to be tested and preferably on 
approximately a 10-day basis when the material under test is 
low or only moderately rich in vitamin FE. 


Vitamin E content of varieties of wheat and corn 


Samples of five varieties of wheat grown on the Arlington 
Farm of the Bureau of Plant Industry, United States Depart- 
ment of Agriculture, were compared with a group of samples 
representing four of the same varieties from the Ohio Agri- 
cultural Experiment Station, Wooster, Ohio. Six varieties of 
corn, three yellow and three white, grown on the Arlington 
Farm were also assayed. Table 2 shows the results obtained 
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on these samples expressed as milligrams of alpha-tocopherol 
per 100 gm. of grain and as grams of grain necessary to give 
litters in four out of five pregnancies. These calculated figures 
represent results from gestations of 283 animals, an average 
of almost eighteen animals for each sample. In most cases the 
samples were fed at three different levels. 

The method followed in caleulating the vitamin E content 
from the curve shown in figure 1 may be illustrated by the fol- 
lowing example. The wheat sample of the Poole variety from 
the Arlington Farm was fed at three levels, 20, 30, and 50 gm. 
The 20-gm. level gave three litters and five resorptions or 
37.9% litters; the 30-gm. level five litters and three resorptions 
or 62.5% litters; the 50-gm. level six litters and no resorptions 
or 100% litters. Reference to figure 1 shows that 37.5% litters 
corresponds to 0.59 mg. of alpha-tocopherol. Since this amount 
was present in 20 gm., this wheat contained 2.95 mg. per 
100 om. 

Calculation of the corresponding results from the 30- and 
50-gm. amounts gives 3.23 and 4.00 mg., respectively, of alpha- 
tocopherol per 100 gm. The weighted average of these results 
gives 3.34 mg. of alpha-tocopherol per 100 gm. of wheat. It will 
be noted that there is considerable variation in the individual 
results for the different feeding levels, which was true in 
practically all of the samples. However, the averaging of the 
results in this manner has the advantage of increasing both 
the number of observations on which the final result is based 
and presumably the reliability of the data. The values under 
the column entitled ‘‘ Alpha-tocopherol per 100-gm. sample’’ 
are given to the first decimal only. 

The figures given under the column entitled ‘‘Feedstuff 
necessary to produce 4 litters from 5 pregnancies’’, were cal- 
culated from the estimated alpha-tocopherol content of the 
samples and are included to show the relation of these figures 
to published results of vitamin E rat assays which are usually 
reported in terms of litters and resorptions produced. 

The figures in table 2 giving the vitamin FE content of the 
wheat samples show that the Ohio samples were higher in each 
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“ase than that of the corresponding Arlington farm sample. 
This appears to indicate a significant difference in vitamin E 
content due to location in which the wheat was grown. The 
Fultz variety showed the greatest difference with a value of 
3.0 mg. for the sample grown on the Arlington Farm and 
5.4 mg. for the Ohio sample. 


TABLE 2 


Results of vitamin E assays showing estimated alpha-tocopherol content 


of certain feedstuffs. 





VARIETY OR SPECIES VARIETY OR SPROCIES 





5 PREGNANCIES 





°o PREGNANCIES 





TOCOPHEROL 


ALPHA- 


Comparison of varieties of wheat from two locations 


Arlington Farm B. P. T. Ohio Agric. Expr. Station 


mg. qm. mg qm. 
Nittany 2.3 54 Nittany 3.5 35 
Trumbul 3.0 41 Trumbul 3.5 35 
Forward 4.6 27 “= -- —- 
Fultz 3.0 41 Fultz 5.4 23 
Poole 3.3 37 Poole 3.9 32 
Comparison of varieties of corn 
Yellow White 
Woodburn Pride of Saline 3.0 41 
Yellow Dent 3.0 41 Dakota 
Midland White Flint 1.5 82 
Yellow Dent 3.6 34 Silver King 2.9 42 
Golden King 2.6 47 
Comparison of species of grasses and legumes 
Green grass Dried grass 
Orchard grass 10.9 11.3 Orchard grass | 22.3 5.5 
Ky. Bluegrass 15.6 7.9 Ky. Bluegrass 35.5 3.5 
White clover 10.0 12.3 White clover? 7.1 17.3 
Alfalfa 15.2 8.1 Alfalfa? 10. 11.8 
Redtop 28.1 4.3 Alfalfa leaf meal 38.3 3.2 


Ky. Bluegrass 
1 yr. old 23.7 5.2 


*Samples cured 72 hours at 60° C., accounting for low vitamin E content. 
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A comparison of the vitamin E content of the different 
varieties of both wheat and corn samples shows some note- 
worthy differences. For example, the Arlington Forward 
wheat sample with a vitamin E content of 4.6 mg. per 100 gm. 
was twice as rich as the Arlington Nittany sample with a 
vitamin E content of 2.3 mg. In the case of the corn samples, 
the range was from 1.5 mg. for the Dakota White Flint to 
3.6 mg. for the Midland Yellow Dent. 


Vitamin E content of grasses and legumes 


The vitamin E content of samples of grasses and legumes 
representing five species is given in table 2 also. The samples 
represent products seeded and grown on experimental plots 
by the Bureau of Plant Industry, Beltsville, Maryland, with 
the exception of the alfalfa leaf meal. This sample represents 
a shipment bought on the market and milled approximately 
1 month previous to assay. Calculated values are tabulated 
as in the case of the grains described previously. 

Moisture determinations made on the green grasses gave 
the following results: orchard grass, 70.6%; Ky. bluegrass, 
66.6% ; white clover, 85.2%; alfalfa, 79.2%; redtop, 75.5%. 
The other samples are air dry with a moisture content of 10% 
or less. 

The green orchard grass and white clover were not fed at 
sufficiently low levels to permit resorptions. Consequently, 
the figures given in the table probably represent a lower vita- 
min KE content than is actually the case. 

The samples of orchard and Kentucky bluegrass were dried 
in an oven at approximately 60° C. for 24 hours. The white 
clover and alfalfa were dried under the same conditions for 
72 hours. It is evident that the longer drying period was 
sufficiently severe to cause considerable loss in the vitamin E 
content of the grass. For example, calculation of the alpha- 
tocopherol content of the green alfalfa to a 10% moisture basis 
gives a value of 65.8 mg. of alpha-tocopherol per 100 gm., 
whereas the dried material showed only 10.4 mg. per 100 gm. 
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DISCUSSION 

It is, of course, obvious that the limited number of grass 
samples does not justify the conclusion that any one species is 
superior as a source of vitamin EK. However, variation in vita- 
min E content indicated in the assays reported here suggests 
that variety and species, possibly in conjunction with environ- 
mental factors as shown by the results on wheat, are re- 
sponsible for differences in potency. 

The slight advantage of wheat over corn as a source of 
vitamin E as indicated by average figures for all the grain 
assays is within expected limits. The relative vitamin E 
content of the grass samples appears to be high even when 
compared with assays reported by others. Evans and Burr 
(°27) reported positive results when feeding as little as 0.6 gm. 
of alfalfa-leaf meal but this quantity was included in the ani- 
mals’ diet from birth and the total grass fed did not show the 
high vitamin E content indicated by these assays. These same 
authors showed lettuce-leaf powder to be a potent source of 
vitamin E but even these results did not indicate that fresh 
lettuce is as good a source of vitamin E as, for example, the 
green alfalfa or redtop reported here. 

It is evident from the high vitamin E content of these 
grasses that the vitamin intake of an animal allowed to graze 
for a full day would amount to a relatively high quantity. For 
example, assuming that a 1000 pound cow wiil consume 100 
pounds of grass during a 24-hour period of grazing, the alpha- 
tocopherol intake would be approximately 7.1 gm. on the basis 
of the assay figures for Kentucky bluegrass and 12.7 gm. for 
redtop. This would be equivalent in vitamin E content to 4 to 
7 pounds of a relatively high grade wheat germ oil. 


SUMMARY 
A modified biological assay method for vitamin E is outlined 
in which alpha-tocopherol is made the basis of estimation. 
Experiments are described which show the relative effec- 
tiveness of vitamin E supplements fed at different levels to 
female rats at various stages of the gestation period. 
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The vitamin E content of five varieties of wheat was esti- 
mated to range from 2.3 mg. to 5.4 mg. of equivalent alpha- 
tocopherol per 100 gm. of grain. The range for six varieties 
of corn was 1.5 mg. to 3.6 mg. Five species of dried and green 
grasses and legumes have a range of 7.1 mg. to 28.1 mg. 

The vitamin E content of the grasses used for assay is found 
to be relatively higher than reported by other workers. 
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PROCEEDINGS 
OF THE NINTH ANNUAL MEETING 
OF THE AMERICAN INSTITUTE OF NUTRITION 


BOSTON, APRIL 1 AND 2, 1942 


The ninth annual meeting of the American Institute of 
Nutrition was held in Boston at the Lenox and Copley-Plaza 
Hotels on April 1 and 2, 1942. 


COUNCIL MEETING 


The Council met at the Hotel Lenox, Tuesday, April Ist, at 
4 to 6:30 p.m. and again at 7:30 to 11 p.m. All members were 
present. Formal actions of the Council are reported in the 
minutes of the business meetings. 


SCIENTIFIC SESSIONS 


The usual program on Wednesday began at 9a.m. at the 
Copley-Plaza with President Hogan presiding. All but one 
of the scheduled papers were given. The afternoon session, 
with Vice-President Maynard presiding, began at 2 p.m. with 
all papers given. A second scientific session was held in the 
Hotel Lenox on Thursday from 2 until 5:30 p.m, with Doctors 
Smith and Sebrell presiding. The abstracts of all papers have 
been published in the Federation Proceedings, vol. 1, no. 1, 
part 2, pp. 187-193 (March 16) 1942. 


BUSINESS SESSION 


Two business meetings were called on Wednesday, April Ist, 
by President Hogan, one at 11:15 a.m., and the second at 5 p.m. 
The reading of the minutes of the previous meeting was 
omitted inasmuch as they had been published in the Journal. 
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The Treasurer’s report was read by Doctor Sebrell. The 
auditors, Doctors Stiebeling and Jones reported that the ac- 
counts were in order. It was moved and seconded that the 
following recommendations of the Council regarding financial 
matters be approved: (1) that the dues for 1942-1943 be fixed 
at $2.00; (2) that the Treasurer invest $500.00 of the Institute 
funds in a Defense Bond if this be possible; (3) that $.05 per 
member be paid by the Treasurer for the protection of bio- 
logical research; and (4) that $25.00 each be allotted to the 
Secretary and Treasurer for extra secretarial assistance. It 
was moved and carried that any member who cannot pay dues 
because of war service should be suspended from membership 
without prejudice for the duration, and be reinstated if he 
desires at the end of the war. The Council recommended that 
the following be elected to membership: 


Eliot F. Beach M. C. Kik George R. Sharpless 
Harold Blumberg Ruth M. Leverton Frederick J. Stare 
Hugh R. Butt Cosmo G. Mackenzie E. L. Robert Stokstad 
Jerome W. Conn Daniel Melnick Chester D. Tolle 
Gladys A. Emerson Carey D. Miller Klaus R. W. Unna 

A. Edsten Hansen Luther R. Richardson 


This recommendation was adopted and the candidates were 
duly elected. The Council recommended the reinstatement of 
Harry D. Sabotka which recommendation was adopted. 

The tellers, J. M. Orten, A. White, H. C. Trimble, W. E. 
Anderson and A. D. Holmes reported that the following were 
elected to the offices named: 


. _ SPPPTTPECTT ICT PTET eTe ......L. A. Maynard 
Cn rare weer 2 e 
EE kine nant cedacesnivesscnscenenseee gee eee 
I a soe ae a eae eee W. H. Sebrell, Jr. 
DEE cetaseevdavesdian eed eenewnas T. H. Jukes 
(R. M. Bethke 
SN SUE vincwetueadke gen un ed 4 F. A. Hitchcock 


|E. M. Nelson 


The changes in the By-Laws recommended last year by the 
Council were ratified. 
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The President announced the make-up of the Committee of 
Judges for the 1942 Mead Johnson Award as follows: R. M. 
Bethke, G. O. Burr, H. A. Mattill, E. M. Nelson, and C. A. 
Elvehjem, Chairman. He announced that the award would 
be made at 4:30 p.m. The President also appointed the follow- 
ing members to the Nominating Committee for 1943: W. H. 
Chambers, Chairman, H. J. Almquist, N. B. Guerrant, C. G. 
King and H. A. Mattill. 

The Editor of the Journal, Dr. G. R. Cowgill, commented 
briefly on the year’s work, a detailed account of which appears 
in a following section. 

The Committee on changes in By-Laws (Grace Macleod, 
L. A. Maynard, A. H. Smith, Chairman) reported three sug- 
gested revisions which were approved by the Council and 
which will be sent to the members for consideration before 
the meeting in 1943. 

Dr. A. H. Smith reported on the work of the American 
Editor of Nutrition Abstracts and Reviews from March to 
September, 1941, and read Dr. H. H. Mitchell’s report on the 
work from September, 1941, to April, 1942. Doctor Mitchell’s 
appointment as American Editor was confirmed by vote of 
the members. 

Dr. A. J. Carlson set forth the need for financial support by 
Biological Abstracts. It was moved and seconded that it be 
recommended to the Council to approve an assessment of 
$.50 per member annually until further notice; the motion 
was lost. 

The report of the Committee on Vitamin Nomenclature was 
given by Dr. E. M. Nelson. Attention was called to the sug- 
gestion of the term ‘‘niacin’’ and ‘‘niacin amide”’ for ‘‘nico- 
tinie acid’’ and its amide and there was some discussion re- 
garding the dropping of the final ‘‘e’’ in ‘‘niacin.’’ The report 
was adopted. 

The recommendation of the Council that the American As- 
sociation of Immunologists be admitted to the Federation was 
approved by the members. 
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A vote of thanks was extended to the Local Committee for 
the arrangements made for the Institute meetings. 


MEAD JOHNSON AWARD 


The presentation of the Mead Johnson Award for 1942 was 
made by President Hogan on behalf of the Institute at 
4:30 p.m., Wednesday. The Award was presented to Dr. G. R. 
Cowgill for ‘‘his fundamental contributions through experi- 
mental research on the B-vitamins, his leadership in interpret- 
ing results of research and his influence in promoting advances 
in this field of knowledge.’’ Doctor Cowgill, in responding, 
sketched briefly some of the changes which have occurred in 
vitamin research over the period covered by his own studies. 

EDITORIAL BOARD 


During the vear 1941 volumes 21 and 22 of The Journal of 
Nutrition were published; they contained 116 papers. There 
were submitted for publication during this year 196 papers; 
94 were rejected and 9 were withdrawn by the authors ; decision 
still remains to be made on various other papers. The average 
number of articles printed per issue in volumes 21 and 22 
proved to be 9.8. Calculation showed that the average number 
of pages per article was 11.1. From this it will be seen that 
the policy of using the limited space in the Journal to cover 
an average of ten articles per issue is being successfully 
followed. 

The records show that the number of articles continues to 
exhibit somewhat a seasonal character. For this reason it is 
not possible to secure equally prompt publication of all articles 
submitted at all seasons of the vear. 

Solution of the problem of enlarging the Journal is bound 
up with that of securing additional income. 

During the dinner hour on April 1, 1942, a meeting of the 
Editorial Board was held at the University Club. Editorial 
problems and policies were discussed. 


Respectfully submitted, 


Artruur H. Smirn, Secretary, 
American Institute of Nutrition 
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